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P E E F A C E.

In this manual an attempt has been made to place before

the reader, as briefly and completely as possible, the prin-

ciples of design in textile fabrics in its broadest sense,

and to deal with the subject in such a manner as to com-

bine with the question of decoration that of the proper

structure of the cloth.

The practice of paying little or no attention to the

proper structure of the fabric, and its suitability for

the purposes to which it is to be applied in the ar-

rangement of designs, is unfortunately far too common,

and is the cause of a considerable waste of labour

and expense in our manufacturing concerns. This

may, perhaps, be to some extent due to the method

of training those who are to be the designers, and also,

to an even greater extent, to the fact that there has

hitherto been no systematic treatment of the question.

Most men engaged in the manufacture of textile fabrics

have confined their attention to one branch, or to one

class of goods, and have become proficient from practice

only in that class. Their success has been entirely

dependent upon the amount of attention they have paid

to the particular class of fabrics they were engaged in

manufacturing, or to the accuracy of their observations,

and not to any—or, at the most, only to a slight

—

degree upon any systematic method or basis for their

work. In the textile trades, as in every other, the

/
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"rule of thumb," or guess-work, must rapidly disappear,

and be replaced by system. Fabrics must be made, as

other articles are, with a proper regard to ornament,

utility, and economy; the designer must consider both

the end and the means, and nothing but this will secure

success to him.

The rapid disappearance of the old apprentice system,

the growth of large establishments, and the consequent

subdivision of labour, accompanied by the ever-increasing

demand for fabrics of a more artistic character to be

applied to useful purposes, make it imperative upon the

would-be designer or manufacturer to understand more

fully than he has done in the past the principles upon

which fabrics should be constructed, so as to fulfil all

the necessary conditions. He must work on sound

principles and leave nothing to chance.

The reader must not expect to go through this work

in a hurried manner, or to thoroughly grasp all the

details of the subject without further effort. Within

the compass of this volume it is, of course, impossible

to enter into all the particulars which would make the

student at once perfectly conversant with the whole

;

but an effort has been made to lay down the leading

principles clearly and completely, and to guide the

student generally, rather than to enter too closely into

minor details, which can only be sufficiently mastered

by actual practice in the mill or workshop.

T. R. A.

Bradford.
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Design m Textile Fabrics.

CHAPTER I.

TEXTILE FABEICS AND THEIR USES.

1. The Objects to he kept in View in designing
Textile Fabrics.—The first objects we must set before us
in designing textile fabrics are the uses to which they
are to be applied, and the purposes they are intended to
serve. Exactly in the same manner, if we are designing
a bridge, a house, a mill, or a machine, our first concern
must be to secure all the conditions of strength, con-
venience of arrangement, and other requisites, which will

make it most suitable for the purposes to which it will

be put. This- having been done, we may then proceed
to ornament the structure as we please, always taking
care that the ornamentation does not in any way detract
from the conditions of strength and general utility which
have been our first and foremost aim. It thus follows
thatj in speaking of designing textile fabrics, we do not
necessarily mean the ajDplication of art principles to their

decoration, but we use the phrase in a more compre-
hensive sense, not only in reference to the decoration or
ornamentation of the fabric, but also to its structure.

If that is so, we must have what is commonly termed
a theoretical basis upon which to build our fabric, and it

may be as well to inquire, before going further—What is

this theoretical basis 1 or

2. What is the theory of the structure of fabrics ?—A theory may be described as a supposition with
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rega,rd to cause and effect—or the connection and sequence

of phenomena—which embraces all the circumstances

known to attend their occurrence. A theory is tested

by trial and observation. It must be founded upon
actual knowledge of things—of the end to be attained,

and the means which have been employed, not only by
ourselves but by others, to attain the object at which
we are aiming, or a similar object.

Upon this basis, then, we may at once proceed to

examine into the theory of the manufacture of cloth, or
" Design in Textile Fabrics." Before we can enter into

the question of the structure of fabrics, or deal with the

materials from Avhich they are made, we must deter-

mine what are the purposes they are intended to serve,

and the qualities or properties they must possess to

ensure those purposes being served in the best possible

manner. It may, in the first place, be said that one of

the chief uses of textile fabrics is as a covering for the

body, to keep it warm, or to protect it from the incle-

mency of the weather ; or it may be that the covering is

merely ornamental, and need not be of such close texture

as that which the needs just referred to demand. Again,

whether the covering be of the purely useful or of the

purely ornamental character, yet, in all probability, in

each case it will have to fulfil one condition of usefulness

—namely, wear. This means that its structure must be

such as will enable it to bear some strain, and in many
cases also to resist a considerable amount of friction

without damage.

In addition to the fabrics of a purely useful or purely

ornamental character, we may in many cases be called

upon to produce fabrics where both qualities are requisite.

As the artistic taste of the people improves, they are not

contented with the purely useful ; articles of utility must
also be made more or less beautiful. We must ornament

wherever we can, but in introducing the ornament we
.must be careful that we do not do it at the cost of utility.

We may, then, say that in these considerations of
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utility or ornament we have the groundwork or basis

of our theory. We have the knowledge of what we
require, but that is only the first step. Before our

theory can be complete we must consider how these

fabrics are to be constructed, the materials from which

they are to be made, and also, to some extent, the

mechanical operations involved in their formation ; and,

being guided by a knowledge of what others have done

before us, we must, as far as we can, determine the best

and most economical methods of obtaining given results.

Textile fabrics may be generally described as a com-

bination of filaments or threads, interlaced with each

other in such a manner as to form a texture ; and it is for

us to ascertain what is the best method of interlacing

those threads, so as to produce the fabric most adapted to

our requirements.

In all cases where utility is to be the first considera-

tion, the warp and weft threads which form the fabric

must be so interlaced as to produce all the firmness

possible, not only so as to be able to bear the greatest

amount of strain, but also to be able to resist friction.

In many instances we must also combine with these

qualities bulk, or thickness of fabric j consequently, our
fabric must be constructed so

as to allow of the requisite &^|l^||k^|[^|I^]||^
amount of material being in- bsll^yi^^lll^^lI^^ll^Mlb
trocluced into it. s^sfebsslb^l^S^^N^^N^

Before going any further &^||^gyi^j^lMlF
into the subject, we will see ^ «|»|j^|^,||y|p^^^^
how fabrics are constructed, " ^'^'^^^fe^^-

and what is the meaning of

"warp and weft." In Fig. 1

we have a j)lan of what is

known as a plain cloth. It

will be seen that there are two sets of threads, which
cross each other at right angles, and interweave alter-

nately. The threads marked a, or the longitudinal

threads—or those running in the direction of the length

Fig. 1.
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of the piece, and wMch are usually showii on paper in a

vertical position, are what are termed the warp threads,

and the transverse threads, &, are termed the weft

threads. In all woven fabrics we have these two sets of

threads to deal with^ and the relation which one bears to

the other, as well as the order of interweaving for the

purpose of forming patterns, constitute the design of the

fabric.

In the plain cloth plan in Fig. 1, it will be seen that,

although we produce a very firm texture by the manner
in which the two sets of threads interweave, yet we
cannot possibly produce a very close texture. Certainly

the fabric will be strong, each thread supporting the

other to the utmost, yet it cannot be made sufficiently

compact, either to produce a heavy fabric or a fabric

which will retain heat, or keep the body warm to the

fullest extent. By the very manner in which the threads

intersect each other, they are prevented from lying per-

fectly close together ; consequently, the fabric must be,

in a greater or less degree_, perforated.

3. The Eifect of the Yarn upon the Fabric—The
perforations in a plain cloth will vary greatly under

certain conditions : for instance, the thicker the threads

from which the fabrics are made, the larger will be the

perforations, and the thinner the threads, the smaller the

perforations. Of course, in such cases the perforations will

bear exactly the same ratio to the diameter of the thread

if the relation of warp to weft be the same, but cloth

made from fine yarns will possess the useful properties in

a much gTeater degree in proportion to its weight than

that made from thick threads. Other considerations will

also afi'ect the usefulness of the fabric. If we desire to

produce a fabric of close texture—one which will have

the perforations reduced to the smallest possible dimen-

sions and retain the warmth of the body in the highest

extent—^we must use a yarn in which the fibres of which

it is composed are laid as loosely together as possible.

We can then, in the mechanical operations of weaving,
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bring those threads closely together, and the looseness of

the fibres will permit of their spreading out, and so of

reducing the interstices to the lowest point.

On the other hand, if the threads are twisted very

hard—that is, if the threads are made solid and compact—
they will resist compression in the operation of weaving,

and, the fibres being held firmly together in the thread,

there is nothing left to spread out and cover the inter-

stices ; consequently, we shall have an open fabric, but

the fibres being firmly interlocked in the thread, we shall

have a fabric which will bear more strain, and will offer

also more resistance to friction, than in the other case.

We must, therefore, obtain one quality in this fabric at

the cost of some other.

4.—The Effect of the Twist of the Yarn.—Another
matter which materially affects the closeness of texture

in a plain cloth is the direction of the twist of the weft in

relation to that of the warp. On reference to Fig. 1 it

will be seen that the two sets of threads when placed

together in the fabric have the twist running in the

same direction ; that being so, the fibres— or, if we may
so term them, the strands—of

the two sets of threads will sdll^^l^^I/i^il/W^l^i^
become embedded uito each ?'2!^ki^s^;i^ii:^G^Ki^a^ls

other, and so make a close & ^j||g^[: |y;|H^^-»xc^||jsy{/;|s^

and compact fabric. If, on & ^1j||k||^J|^!||^|P
the other hand, the twist of &!s||M||^||A|y|fe
the weft be contrary to that

^ ^Hlh-il'L
''

^!^^
of the warp when the two are ^ nd^^r r : ij.ri"ll!fi^

placed together, as shown ui ^ •' '•• <^^' *'"' ' '~^^'>i ^'^ '^r-

Fig. 2, the threads cannot Fig. 2.

become so intimately con-

nected, and, consequently, the fabric cannot be so close

and free from perforations.

To give an illustration on a large scale. If we take

two thick cords or ropes, and lay them together at right

angles to each other, with the twist of both in the same
direction, we shall find that the thick strands of one
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rope will fall into tlie hollows between the strands of

the other, and so the two will occupy the smallest

possible space ; but if the strands are in opposite direc-

tions, instead of their falling between each other, and
one strand filling the hollow in the other, their ridges

will come together, and there will be an opening equal

to the hollows between the strands of both ropes.

We have, therefore, increased openness in the struc-

ture of the fabric without a corresponding gain in any
direction.

5. Relations of Warp and Weft, and their Effect

upon the Fabric.—Up to this point we have been dealing

only with what may be called a true plain fabric, or a

fabric in which the weft and warp are equal, or nearly so,

in their diameters and in the number of ends per inch

each way ; but we may produce fabrics in which the

relations of weft to warp are quite altered, and we may do

this for two purposes—either for obtaining increased

strength, warmth, and weight, or for ornamentation.

Suppose we take the class of fabrics commonly known
as poplins, and which present a corded or ribbed appear-

ance, the ribs running across the fabric in the direction

of the weft ; in such fabrics there is a great prei3onder-

ance of warp over weft, more especially as regards the

number of threads per inch. But for the production of

fabrics of the best type the warp threads are much
thinner than those of the weft. In fact, although the

interweaving of weft with warp is precisely the same as

in the plain cloths with which we have been dealing, the

alteration in the relative quantities and thickness of weft

and warp completely changes the texture and appearance

of the fabric. A plain cloth, in which warp and weft are

equal, will present an appearance of waviness in both

warp and weft on the fabric being dissected ; but a

fabric in which the warp threads predominate largely

over the weft, so far as ends per inch go, and in which,

consequently, the warp threads are proportionately

thinner, would present the weft as a straight line, and
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Mi

m

;s

Fig. 3.

the warp bending round it. A plan of this fabric is

shown in Fig. 3, and a section in Fig. 4.

In the plan it will be seen that the weft threads are

much thicker than the warp threads, and also that the

latter are placed closely to-

gether. In some fabrics of

this type these are placed so

closely that they are actually

compressed, and made
to occupy a space less

than their true dia-

meter. It will also be

seen that the weft

threads are some dis-

tance apart. It only

requires a careful examination of the structure of

the fabric to ascertain the cause of this, as also

its effect upon the appearance, as well as upon the

usefulness of the cloth.

The warp threads are placed close together, and
cross between each weft thread, or jnck, as it is tech-

nically termed. The warp is also much thinner

than the weft ; as a consequence, no matter how
much tension may be put upon the warp, either

in the process of weaving or after the fabric is formed,

it cannot bend the weft out of its straight line, simply

because the intervals of space between the warp threads

are so small, as compared with the thickness of the

weft, that the weft cannot be bent into them either

from above or below ; or, in other words, the close-

ness of the warp threads forms a continuous bed

upon which the weft is laid. Then, with regard to

the distance apart of the weft threads, or picks, the

warp crossing between them prevents them from
coming close together ; each pick being separated from
the other in this manner produces the ribbed-like

effect peculiar to this class of fabric. It will be

evident from the structure of the fabric, the closeness

Fi?. 4,
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of the warp threads, and the strength of the weft that

this class of cloth is well calculated both to resist wear
and retain warmth, and there is, probably, no kind of

fabric which, for the weight of material employed, can

compare with it in these respects.

Another class of fabric of a very similar character is

largely employed for decorative purposes, and to some
extent also for articles of dress—namely, the cloth com-

monly known as " repp." Its structure is dif-

ferent from that of either of the tvN^o plain

cloths of which we have been speaking, though
possessing one of the chief characteristics of the

poplin, or gros-grain, type, inasmuch as the

warp is made to bend round the weft, and
the weft is laid in perfectly straight lines.

In Eig. 5 we have a section of what is consi-

dered the best type of this class.

Here it will be seen that in both the warp
and the weft there is a thick and a thin

thread alternately, and in the operation of

weaving the thin thread in the warp is held

very tightly, while the thick thread is held

very loosely. Again, the thin weft is always

between the warp threads on the same side of

Fig. 5. the thin thread, and the thick weft passes

always on the contrary side of the same
thread ; the result is that the thick warp—which
usually consists of several threads put together

—

in consequence of the slight tension upon it, is made to

bend round the weft threads, and the thin warp is held

quite or nearly straight, thus producing the clearly-

defined rib, very prominent on that side of the fabric

where the thick weft is, and less so on the other side.

Again, another class of plain fabric is obtained by a

reversal of the conditions which produce the poplin

—

that is, the warp threads are thick and the weft thin.

The warp is held in straight- lines, and the weft made to

bend round it. The plan shown in Fig. 3 may be taken
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as a plan of this class of cloth, as well as the plan of a

poi^lin cloth, only that the thick straight threads must be
taken as warp, and the thin bent threads as weft. The
section Fig. 4 would also be a section of this cloth, but
would be a transverse section, the circles showing the

end of the warp threads and the bent threads being the

weft. This class, commonly known as cords, is usually

made with two or more warp threads run together to

produce the requisite bulk, instead of using one thick

thread.

In the production of the four classes of plain

fabrics mentioned, great care should be exercised in

proportioning the warp to the weft, but more espe-

cially with reference to the poplin and cord. In what
we have spoken of as the true plain cloth we have
assumed that warp and weft are equal in quantity, and
in that case both warp and weft would be slightly

bent out of the straight line ; each would exert an
equal power over the other. That being so, if friction

be applied to the cloth, each set of threads would hold
the other firmly in its place, and no matter whether
the friction be applied in the direction of the warp or

weft, the result would be the same—each would possess

the same power of resistance. In the other classes it

would not be so. If we take the poplin type, where we
have the weft laid straight and the warp bent round it,

any friction in the direction of the warp threads could

have little or no effect ; but friction in the direction of

the weft would have the effect of displacing the warp,
because there is nothing to keep them in place except
their pressure one against another ; they are bent round
a straight body more or less smooth, and have no support
except their own pressure. Thus, unless they are

sufficiently close together to give each other sufficient

support, the cloth cannot be serviceable as an article of

dress, or for any other purpose where it will have to

resist friction. The same remark will apply also to the
" repp " and " cord " classes, but in the latter the dis-
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placement will be in the weft threads by friction in the

direction of the warp.

In all four classes of plain cloth we could only vary

the weight of cloth by altering the size of thread ; and
our means of ornamentation are also limited. We can

only alter the size of cord or rib by the use of different

sizes of threads ; but we can ornament the fabric by the

introduction of colour, and that colour we may use in the

warp only, in the weft alone, or in both warp and weft.

So far as the use of colour goes in ornamenting plain

cloths, we have a wide field ; but that is a subject we
must consider in another chapter. We must first deal

with the structure of fabrics, and their ornamentation by
the variation in the interweaving of the threads which
compose the fabric.

6. Twilled Fabrics.—We must now discuss the

structure of other than plain fabrics, and ascertain what
is the use or value of other methods or systems of con-

structing cloths.

The class of fabrics which comes nearest to plain

cloth is that known as twills or twilled fabrics ; and in

their production we may have two objects in view—first,

increase of bulk or thickness of fabric ; and second,

ornamentation. The first and chief difference between
the structure of this class of cloth and plain cloth is that

in the latter the warp and weft interweave alternately,

whereas in twilled fabrics they interweave at such

intervals as may be required for the formation of the

pattern. Again, what is termed the complete pattern

in plain cloth is represented by two ends of warp and
two picks of weft, while in twilled cloth a greater

number of ends and picks are required to complete the

pattern; or, in other words, in all plain cloths, every

alternate end is a repetition ; the same holds of the picks,

but in twilled cloths the repetition will occur at longer

inter^^als. Eig. 6 is the plan of a twill of a very common
order, and one regularly in use in fabrics made from all

kinds of materials.
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Fit?. 6.

In this it will be seen that each warp thread passes

alternately over and under two weft threads or picks,

and in like manner each weft thread passes alternately

under and over two warp threads. But each end does

not pass under and over the

same two picks, nor does

each pick pass under or

over the same two ends, nor

are they alternate in their

action, as are the ends and
picks of plain cloth; but

they change in regular

consecutive order ; that is,

if the first end passes over

numbers one and two
picks, the second end passes over numbers two and

three picks, and so on, each end advancing one pick

before it rises to the surface, or passes to the back,

and each pick advancing one end in the same manner.

This order of changing of the ends and picks will

have the efiect of producing a distinct pattern upon the

fabric, a species of cord running in a diagonal direction

across it. But another matter of much more importance

than the mere pattern is the fact that this order of

working permits us to introduce more material into the

fabric, and so make it more bulky and closer in its struc-

ture. The reason for this is to be found in the simple

fact that the weft and Avarp interwea^dng only at in-

tervals of two ends or picks permit the two threads

both of warp and weft to lie closely together, and
consequently to allow of a greater number per inch to

be introduced into the fabric than can be done in plain

cloths.

True, as we have shown, we may make plain cloths

in which the warp threads lie perfectly close together,

and others in which the weft threads lie perfectly close

together ; but in the one case the weft threads are a con-

siderable distance apart, and in the other the warp threads

Q Ml
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are a considerable distance apart, •whereas in the twill cloth

the weft and warp both lie equally close together, so

that we obtain the requisite closeness of texture in both
directions, and a corresponding increase in the bulk
of the fabric. Along with this closeness of texture,

and increased weight or bulk, we also obtain another

advantage over the plain cloth, namely, that by the

order of interweaving the warp bends round the weft,

and the weft round the warp in an equal degree, exactly

as in the first order of plain cloth. So that if the

number of threads per inch each way is properly pro-

portioned to their diameters, and to the order of inter-

weaving, the fabric will possess the power to resist

friction, not merely in the same degree as the plain

cloth of the first order, but in a greater degree projDor-

tionate to the increased quantity of material it contains.

7.—Alteration of Twill to increase Bulk.—We
also possess the power of increasing the bulk in a
great degree by altering the twill so as to inter-

weave the two sets of threads at greater intervals,

and just as we increase the intervals we increase the

number of threads which may be contained in a given

space. Of course along with this a limit of increased

usefulness will be reached. We say that we increase the

powers of resisting friction by the increased material

employed in the construction of the fabric, but if our
intervals of interweaving are too great, the two sets of

threads will to some extent lose their power of support-

ing each other; we shall have too great a length of

loose yarn presented on the surface. This yarn being

composed of fibres, each individual fibre is presented

for a considerable portion of its length to the wearing-

surface j and if friction be applied, it may be too readily

drawn away from its fellows, and so by degrees the thread,

and ultimately the fabric, becomes weakened. Again,

no doubt the looseness of the interweaving will reduce the

power of the fabric to bear a strain ; although a loosely

interwoven cloth—if the quantity of yarn be properly
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proportioned to the order of interweaving—will still be

tlie stronger so far a,s tensile strength is concerned, than

one more closely interwoven, yet it will not be so

strong in proportion to the quantity of material of

which it is composed ; and if the number of threads in

a given space, or the diameter of the threads, be not

properly proportioned to the pattern, the fabric will be

positively weaker.

8. Alteration of Twills to increase Strength.

—

Satins.—Quite apart from the question of ornamentation,

there are certain orders of arrangement in twills which

may be specially resorted to for the production of fabrics

which are designed to bear an increased amount of fric-

tion or strain in one direction or another ; and when we
are arranging our patterns for the purpose of ornamenta-

tion, we must not forget the peculiar properties which
attach themselves to patterns of given classes.

If we take one class as typical, in order to point out

the peculiar arrangement and its effect upon the fabric,

it may serve as a guide to us

when dealing with patterns

for ornamenting. This class

is commonlyknown as satins

or broken twills. The pecu-

liarity of this sort of t^vills

is that the order of inter-

weaving the two sets of

threads does not follow con-

secutively, but at intervals,

especial care being taken
that at no point do they follow consecutively. An
example of the simplest kind, and one most commonly
employed, is shown in Fig. 7.

In this plan it will be observed that the order of in-

terwea'^TJig is at every fifth end or pick, and that the two
succeeding picks do not interweave with adjoining ends,

but at intervals of two ; that is, if number one pick

pass over the first end of warp, number two will

Fig. 7.
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pass over the third end, and so on. Now suppose that

we wish the fabric to be able to bear a great strain

in the direction of the warp, it will be made with what
is termed a warp surface. The warp threads will be

placed as closely together as possible ; certainly they

should be placed as close to each other as their diameters

will permit ; and as the weft is inserted, one end will be
withdrawn from the surface of the fabric, and will bend
round the weft at the back. As the next pick is inserted

another end will be withdrawn, the first one returning

to its original place, but as the ends are not withdrawn
in consecutive order, the weft is not made to bend round

the warp in any degree, but remains perfectly straight,

the warp only being drawn out of its course. That
being so, the weft threads cannot be laid close together,

but will always be separated from each other by at

least the diameter of the warp thread ; therefore we
shall always have a greater number of warp threads per

inch than of weft threads. Again, if it be desired to

produce on the fabric a smooth, unbroken surface, with

no pattern visible, the warp threads may be placed so

closely together that as one is withdrawn to bend round

the weft, those on each side of it will close over the

vacancy and completely hide the point where it has in-

terwoven with the weft. In that case the number of warp
threads would be increased in proportion to the number
of weft, and consequently the fabric will be capable of

bearing an increased strain upon the warp, or in the direc-

tion of the length of the piece, but a decreased strain in

the direction of its width, or of the weft.

Exactly the same princi]Dle will apply to fabrics where

a weft surface is produced. The warp threads are set

such a distance apart as will permit of the weft threads

passing readily between them, and bending round them.

The weft threads are inserted as closely as their diameters

will allow, and in some cases so as to pass over and hide

the point where weft has bent around warp ; and, again,

in many cases so closely that the weft is compressed, and
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loses its true cylindrical form. In such fabrics the

greatest strength is in the direction of the weft, just in

the proportion to the quantity of material employed.

9. Satins used for Ornamental Purposes.—This

principle of interweaving is sometimes employed where
the object is purely ornamental, as in the satins used so

largely for trimmings and for ladies' dress goods. In such

cases the first object is to produce a highly lustrous

surface, perfectly smooth, showing no pattern. Then if

the fabric is intended to serve an useful purpose, as well

as to bear strain, we must take care that the material

which is j)resent in least quantity, whether it be weft or

warp, shall be of sufficient strength to compensate for

the absence of quantity ; otherwise the fabric will be able

to bear strain in one direction only, whereas by proper

attention to the strength of the material employed we
may make it able to bear the requisite strain in both

directions.

Although this class of satins is a large one in itself,

yet we are only considering it here as representing

a type of structure which may be, and is, used very

commonly in conjunction with patterns for ornamentation.

These we shall have to consider more fully in a subse-

quent chapter.

10. Double Cloths.—We next come to the considera-

tion of a difierent class of fabric, not necessarily different

in the principle upon which the fabric is constructed, but

in regard to its use and ornamentation.

It frequently happens that in producing fabrics in-

tended to serve special purposes, we cannot obtain the

requisite weight and bulk of fabric without producing at

the same time coarseness and openness of structure. If

we wish to produce a heavy fabric, we have only twc
possible means of doing it—either the use of thick

bulky threads, or an increased number of fine ones.

If we use thick bulky threads, our fabric must present

an appearance of coarseness, no matter what may be the

order of interweaving ; and we have no possibis means ot
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reducing the coarseness. Ifwe use fine threads, it is more
than likely that the order of interweaving will prevent
the introduction of as many threads as will produce the

weight of fabric we desire. Then we have no alternative

but to resort to double cloth ; that is, instead of trying

to crowd into a given space of a single fabric a number
of threads, which will necessitate an undue compression

of each individual thread, and require an immense
amount of power to do so, and at the same time injure,

in a greater or less degree, the threads of either warp or

weft, or both, we must make two fabrics, and bind them
together in the process of weaving so as to make them
really one. There are among double cloths, or what are

commonly known as double cloths, certain classes which
are not re-ally double clotlis, but, more correctly speaking,

double-faced cloths, that is, there may be one warp and
two wefts, or one weft and two warps. A true double
cloth must be really two separate fabrics, each having its

own warp and weft. The two fabrics are woven at the

same time, certainly ; they are more or less intermixed
with each other, but they never lose their individuality,

whether they are combined for the mere purpose of j)ro-

ducing a fabric of a given weight, or for ornamentation,

or for both combined. So as to obtain readily a clear

conception of what is really meant by double cloths, we
will iirst examine the double-faced cloths. If we turn
to Fig. 7, we find in that a closely-set warp, inter-

woven with weft in such a manner that the weft is prac-

tically invisible on the surface of the fabric. Suppose we
introduce another warp, and so interweave it with the
same weft that the v/eft is contained between the two
warps ; we shall then have a fabric both sides of which
j^resent warp only, the weft which binds the two warps
together being contained between them. This we can
easily do by taking care to select the point of inter-

weaving the weft with each warp in such a manner that

the one warp does not interfere with the other, as shown
in the section, Eig. 8.



Chap. I.] DOUBLE-FACED CLOTHS. 17

We have here, then, a ready means o£ producing a

fabric which will give increased weight and bulk,

increased strength to bear strain in the direction of the

Q Q <W^M>0 O O O Q^\K0 G O
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Fig. 8.*

warp, and a cloth which may be used as a reversible

article. One side may be of one colour, and the other

side of a different colour ; or we may use it for the

purpose of producing an article of dress, one side being

a fine fabric and the other side a coarser one, to serve

merely as a lining.

Then, exactly in the same manner as we may make
the satin referred to in Fig. 7 to have either the warp or

the weft predominating, we may have our double-faced

cloth so as to present weft on both sides instead of warp
on both sides. In that case we should simply reverse the

conditions—the warp would be contained between the

two wefts ; the greatest strength will be in the direction

of the weft. And in the same way Ave may make one

side fine and another coarse ; one side in either cloth

may be highly ornamented, either with colour or in the

order of interweaving the threads together, and the other

Fig. 9.*

side may be quite plain as regards colour, and nearly so

as regards pattern. Fig. 9 would show a section of a

fabric havino- two weft surfaces.

In the case of a double cloth, as has been said, we
must employ two separate warps, and also two separate

wefts, each weft interweaving with its own warp, and
* In this and other figureSj the letters "wp." stand for "warp," and

••wft." "weft."
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consequently each fabric made quite separate and apart

from the other. ISTot only may the fabrics be separate,

but each may be of a different degree of fineness, made
from a different material, and of a different pattern;

then the two may be bound together so as to form one

fabric.

In cases where we desire to produce a fabric

of a given weight and degree of fineness, and the

pattern or order of interweaving we desire to apply to

the fabric will not enable us to introduce as much
material as will produce the required weight, we may
then resort to double cloths, because here Ave can com-

bine any two fabrics, and so obtain a gTeater weight,

along with fineness, than we can with a single cloth.

Again, we may make one of the fabrics fine and the other

coarse, and so produce the required weight at a less cost

than in a single fabric of the same weight ; and at the

same time we may secure all the advantages of strength,

power to resist friction, and to retain warmth as an
article of clothing, in an even greater degree than in a

single fabric of the same weight. In many cases cloths

are made not only double, but three and even fourfold

Whenever double cloths are resorted to there is a distinct

object in AT.ew—to produce weight alone, or at a small

cost, to make a fine surface on a fabric of a given weight,

to secure additional strength, warmth, and wearing

powers, or sometimes for the purpose of ornamentation

solely, by causing the cloths to exchange places and so

form figures.

11. G-auze Cloths.—Another class of fabrics, and
one which differs very materially from each of the

others, is gauze. This belongs to the purely ornamental

fabrics. Because of the manner in which it is constructed,

it will not permit of a close or thick fabric being formed

;

in fact, it may be said to be of the lace type of

fabrics. The threads do not merely interweave with

each other, but they twist round each other in such a

manner as to form an open perforated fabric. One
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peculiarity of the structure is to give great strength

for the quantity of material it contains ; but from the

fact of the threads twisting round €ach other, the quantity

of material must be very limited. Although we cannot

produce in this class of fabrics articles of use, so far as

their power of retaining warmth is concerned, we have
probably the widest field for ornamentation, because we
can combine it with the other orders of working or inter-

weaving, and so have at our command all the means of

ornamentation which structure of cloth can give.

Thus far, we have dealt with the structure of cloth

only, so that we might see upon what basis we must
work for ornamentation. JSTo matter to what purposes

fabrics are to be applied, we must not in ornamenting
them detract from their utility; and as the chief mode of

ornamenting them is in the variations of the order of

interweaving the threads of which they are composed,
the structure of the fabric must be the first question to

consider in applying our ornamentation to it.

12. Plush or Pile Fabrics.—We have not yet referred

to ornamenting by the introduction of additional threads,

these threads being arranged in such a manner as to

form figures or patterns, or it may be to form what is

termed pile or plush. By the use of such threads we
have an unlimited field for ornamentation, without in

any way detracting from the usefulness of the fabric, but
in the great majority of cases really adding materially to

its strength, and making it more useful.

We have now so far develoj)ed our theory as to have
determined the common principle of structure of fabrics,

and in a general way the qualities or properties each

variety of structure must possess, so as to suit it for the

purposes to which it is to be applied.
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CHAPTER II.

THE STRUCTURE OF THREADS.

13. Relation between Thread and Cloth.—Im-
mediately connected with the structure of the cloth,

and really exerting considerable influence upon it, is the
structure of the threads of which it is composed. Not
only will this affect it so far as its usefulness goes, but
it will also largely affect the power of ornamenting.

It may appear out of place in a work on Design in

Textile Fabrics to enter into the question of the

structure of threads and the fibres from which they are

made ; but as they affect in such a degree the structure of

the cloth, we must deal with it before we can have a
thorough comprehension of our power of varying that

structure and ornamenting it.

14.—^We may begin by asking, " What is a thread ?
"

A thread is said to be "a filament composed of fibres

twisted together or otherwise." Thus, before we enter

into a detailed examination of the structure of the

thread itself, we will examine very briefly the chief

characteristics of the fibres from which it is made. The
fibi'es most largely used in the manufacture of textile

fabrics are wool, cotton, silk, and flax, and each possesses

peculiar properties which give it a special and particular

value.

15.—If we examine a lock of wool as it comes
from the back of the sheep, the first thing which will

attract our attention is a peculiar waviness or crimpiness

in the lock. If we separate a single fibre from the rest,

we shall find that it is waved in the same manner, and
also that the waves are very regular throughout. If we
carry our examination further, and place the fibre under



Chap, n.] RELATION" BETWEEN THREAD AND CLOTH. 21

a microscope, we shall find the whole surface covered

with scales, the scales forming a series of rings round

the fibre, and all pointing from root to tip. We shall

also fijid that the fibre is a hollow tube filled with a

granulated liquid. It is the wave and scale of the wool

which give it its peculiar value. In the preparation for

spinning, the fibres are intermixed in such a manner
that the directions of the scales are as much opposed to

each other as possible; that is, the fibres are placed

root to tip and tij) to root. As they are spun, the scales

of the opposing fibres engage with each other, and become
interlocked, and the more the thread is spun the more
firmly do they hold each other, and so make a strong

thread; but the spinning property, or the readiness to

form a thread, is not the only value of these scales.

After the fabric is formed most woollen goods undergo

a process of milling or felting ; that is, the fibres

are made to interlock with each other more firmly, and
consequently the fabric becomes more close and compact.

In this operation the waves or crimps of the fibre are

valuable as well as the scales. To cause the felting to

take place, the cloth is moistened with a strong solution,

consisting largely of soap, and pressure is applied. The
result is the fibres are straightened out ; the scales of

opposing fibres engage with each other. As the pressure

is removed, the natural spring of the fibre asserts itself :

it tries to return to its original wavy condition ; in doing

so the fibres are drawn more closely together. The
pressure is again applied, and the operation repeated.

By degrees the fibres become so closely intermixed

that the threads lose their individuality, and the cloth

becomes one compact solid mass. To assist this operation

of felting, where it is required in a great degree, the

thread must be specially constructed; and it will be
very evident that when the cloth is operated upon in

this manner, whatever pattern existed must be, in a

great measure, lost.

Difierent classes and qualities of wool differ very
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much in the degree in which they possess those waves
and scales, and consequently in their value for the pro-

duction of fabrics of given characters.

16.—Cotton, which is a vegetable fibre, presents a

very different appearance from wool ; it is really a thin,

collapsed tube, and under the microscope appears like a

ribbon more or less twisted. These twists in the fibre

—

which is of a very soft, pliable nature—are valuable as

giving strength to the thread by their friction upon each

other.

17.—Silk is a straight, smooth fibre, very highly

polished, and when magnified, presents somevfhat the ap-

pearance of a glass rod. It is very soft and pliable, and
lends itself readily to the formation of a thread.

18.—Flax is a vegetable fibre and has an appear-

ance something like long grass ; it is cylindrical in form,

and with knots at intervals^ exactly as we often see it in

canes or long grass.

Although we have here four classes of fibre, each is

capa,ble of being made into two distinct kinds of thread,

and it is the formation of this thread which so materially

affects the formation, or at least the ornamentation, of

the fabric.

19. Preparing and Spinning the Fibres into Yarn.
Woollen Yarn.—If we deal first with the preparation

and spinning of wool, it wiU enable us to have a clearer

conception of the preparation and spinning of the other

fibres.

The first process after the wool has been washed to

free it from its impurities, is the separation and straight-

ening of the fibres, and this is equally necessa^ry for

the production of both classes of yarn made from wool,

although the mode of dealing with long wool in the first

oj)eration is very different from that of dealing with
short wools. In the separation and straightening of

the fibres of the latter, a carding machine is employed.

This machine consists of a series of cylinders covered

with cards, or finely set teeth ; these cylinders revolve in
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different directions, and at different speeds. They are

placed so near each other that as the wool is carried for-

ward by one npon its teeth, it is caught by the teeth of

the other, and so, by degrees, each fibre is separated from
the other, but there is little or no attempt to secure the

parallelism of the fibres ; they are simply separated.

If the wool is intended for the production of what is

termed a woollen thread, it is passed through two or

three of these carding machines, according to the quality

of yarn to be produced, and as it comes off the last

machine it is condensed or reduced to thick rope-like

threads, and from there it passes to the mule to be spun. It

must be remembered that in passing through the carding

machines, the chief object has been the separation of the

fibres, without much regard to their parallelism. When
the thread formed by the condenser is placed upon the

mule it is passed through a pair of rollers, and thence to

the spindle. This spindle is carried upon a carriage

which alternately recedes from and advances towards the

rollers through which the thread has been passed.

Having attached the thread to the spindle with the

carriage brought close up to the rollers, the carriage is

made to recede, at the same time the spindles commence
to revolve, and so twist the thread ; the rollers also re-

volve and give off yarn. After the carriage has travelled

a given distance the rollers stop, and consequently cease

the delivery of yarn. The carriage still continues to re-

cede, and consequently draws out, or attenuates, the

thread. At the same time the spindles are continuing

to revolve and twist the yarn, so that the process of at-

tenuating or drawing out the thread and twisting go
on at the same time. The result of this is that the

longest fibres composing the thread, and those most
nearly approaching parallelism form the core or centre

of the thread, and the short fibres, and those which have
not been laid parallel, become partly embedded in the

thread, and partly project from it, so that the thread

presents a rough appearance with fibres projecting from
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ifc all round its circumference, and througliout its entire

length.

20. Inequality of Woollen Thread.—Another feature

of woollen threads is the inequality of thickness. In
the preparation of the wool for spinning no means are

provided, except in the feeding of the wool to the

carding machines, to insure equality. And, again, in

the actual process of spinning on the mule there is a

tendency rather to increase than diminish the inequalities.

As the twist is being put in the thread by the revolu-

tions of the spindles, it will exercise more power over

the thin than the thick portions of the thread, and so

make it firmer, and consequently of less diameter than
the j)ortions over which it exercises less power.

If we take a thread and make a section of it at

points representing the various thicknesses or diameters,

the area of these sections will vary as the squares of

their diameters, therefore the power of the twist over

these portions will be in the direct ratio of the area of

their sections. True, a certain amount of equalisation

will take place as a result of this varying power of the

twist, and of the operations of drawing and twisting

occurring simultaneously. As the thin portions be-

come firmly twisted they will naturally resist the draw-

ing process, so that from the moment these thin places

have become sufficiently firm to resist the drawing
action, the attenuation will be confined to the thick por-

tions, but the latter will not be reduced to the proportions

of the thin parts, which all the time are receiving more
and more twist, and as a consequence, although they

retain all the fibres, or have none drawn from them, are

still becoming thinner owing to the compression of the

fibres by being more firmly twisted.

21. Advantage of Structure of Woollen Threads.—
"We may now see what advantages or disadvantages this

type of thread possesses in the production of fabrics of

given character. From its very unevenness, and what
we may term roughness, from the projecting fibres upon
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its surface, it is unfitted for the production of fabrics

where pattern is to be formed by the interweaving of the

threads, because the loose, fibrous character of the thread

will tend to hide any pattern so produced, and, added to

that, the inequalities in its diameter will tend to make
the pattern appear very irregular. On the other hand,

where the fabrics have to undergo the process of milling

or felting, the loose, fibrous character of the thread is

a great advantage, because the fibres of one thread

can become readily interlocked with those of another

and so assist to the utmost the process of felting.

Again, there is a further tendency, in consequence of the

threads losing their individuality, to lose or hide any
pattern in the fabric ; so that we may say that the loose,

fibrous woollen thread is specially suitable for the

manufacture of close, felted cloths, which will give fine

texture, firm compactness of structure, great power of

retaining warmth and of resisting strain or friction, but
not the power of producing patterns by the interweaving
of the threads.

22. "Worsted Yarn.—We will now glance briefly at

the structure of the second class of thread made from
wool, or what is commonly known as worsted. It is

usually supposed that the chief difierence between
woollen and worsted is that the former is made from
short wool exclusively and the latter from long avooI.

In reality, large quantities of worsted are made from
wool of exactly the same cla-ss and quality as w^oollen

yarns. Certainly, much shorter wool can be spun into

woollen than can be spun into worsted, but the difference

in the length of wool does not constitute the difference

in the two threads.

In prej)aring the wool for spinning into worsted
yarns, the first process, as in that of woollen yarn, is the
separation of the fibres, and, indeed, where short wools
are employed, upon practically the same machine, but
accompanying or immediately following the process of

separation, the fibres are drawn parallel to each other
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The wool passes tlirougli several maclimes for tlie sole

purpose of obtaining this parallelism ; when that has
been accomplished as far as possible the wool is

" combed "—that is, the wool is passed to a machine
which draws it through fine steel combs, which further

ensures the parallelism of the fibres, and at the same
time takes away all the short fibres which, owing to their

shortness, are incapable of being straightened out, so

that we have all our fibres laid straight and parallel, and
at the same time all the very short fibres removed, and
we retain for the yam we are about to spin only the

longest and straightest fibres. Aft.er the process of

combing commences a process of equalisation and attenua-

tion. The wool is drawn from the comb in a thick

rope, or "sliver." A number of these slivers are put
together, passed through a series of combs for the

purpose of preserving, and, if necessary, increasing, the

parallelism of the fibres, and drawn out to the thickness

of one or less than one of the original slivers. This

process of equalisation goes on until in many cases the

last thread has been drawn out some millions of times,

so that any inequalities in one of the original slivers has

been neutralised by inequalities in other slivers. After
the process of equalisation is complete, it undergoes a

process of attenuation, or further drawing out, and is

then passed to the spinning frame. Worsted yarns are

usually spun upon the " throstle " frame. This machine
is provided with a series of drawing rollers, which by
their varying speed further reduce, or draw out, the

thread before the operation of twisting commences ; it is

then twisted and wound uj)on the bobbin at the same
time. But in this the spinning and drawing out do not
take place simultaneously as in woollen, but successively

;

consequently, in whatever position the fibres have been
laid in the drawing they will not be disturbed in the
spinning, and as we have taken every precaution in the

preparation of the yarn for spinning to ensure the

parallelism of the fibres, they will still retain that
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position. Further, the thread has been equalised as

far as possible ; therefore, when spun, we may expect

great regularity in its diameter.

23. Advantages of Structure of Worsted Threads.

—We have here, then, a thread of great regularity in it?

diameter, with all its fibres laid parallel and nearly o±

the same length. It will, therefore, possess great and

tolerably uniform strength, and be specially suited for the

formation of patterns in the fabric. It will not be

suitable for milling or felting, because the fibres of one

thread cannot combine with those of another thread,

and thus they cannot lose their individuality; conse-

quently, although the fabric is strong in the individual

threads which compose it, these threads cannot inter-

mingle so freely as in woollen cloth. It cannot possess

the power to resist strain and friction in the same

degree and in the same way, because the threads retain

their individuality, and the fabric not being so compact

as a woollen cloth, it will not have the same power of

retaining warmth. On the other hand, any pattern

woven upon it will not be lost or hid in the process of

finishing, so that each class of thread has its own peculiar

properties and advantages.

24. Preparing and Spinning Cotton.— Cotton is

prepared like woollen on the carding machines, but

undergoes a process of equalisation like worsted ; some-

times, for the production of high-class yarns, it is combed.

The spinning is done sometimes on the mule and some-

times on the throstle frame, so that the majority of

cotton yarns may be said to partake of the character of

both woollen and worsted so far as their structure is con-

cerned. A combed yarn spun on a throstle frame would
exactly answer in structure to the worsted thread. Of
course, in yarns made from wool there are many which
partake of the compound character.

25. Preparing and Spinning Flax.—Flax also gives us

two classes ofyarn—^namely , linen or lineyarnjandtow yarn.

The processes of preparing linen yarn are very similar to
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those of preparing worsted ; of course, the machines are

different in their construction, because of the difference in

the length and character of the fibre. Plax is " hackled "

—beat or crushed—to make it flexible ; it is then
" scutched," an operation equivalent to combing. Tn
some cases the fibres are too long to work ; they are then

broken by a " saw." After the scutching the short

fibres are carded for " tow " yarn in the same manner as

the "noil," or short fibres of wool after combing, are

carded for woollen yarn.

26. Preparing Silk Yarns.—Silk is very different

from any of the other fibres. Raw silk is drawn from

the cocoon of the silk-worm in one long continuous fila-

ment ; several of these are put together, and produce

what is known as " tram," or weft silk^ and " organ-

zine," or warp silk. The one is put together loosely,

with little or no twist, and the other is twisted firmly

together to make a solid, compact thread. Both have
the same feature of being formed of long filaments, con-

sequently they are suited for the production of patterns

upon the fabric, and also possess great streng^th.

In some cases the cocoons are damaged, and incapable

of being wound or drawn out in one continuous filament.

Such cocoons are taken and torn up into lengths. They
are then combed, the fibres laid parallel, and spun in the

same manner as cotton or worsted. This yarn, of course,

does not possess the freedom from fibres upon its surface

which " raw " silk does
;

yet, the fibres being combed
out, and being of considerable length, it is a very strong-

thread, and well suited for the production of patterns

upon the fabric.

We have now a tolerably clear conception of the

first principles which must guide us in our application

of ornament to fabrics. First, we have examined into

the theory of the structure of cloth, and the suitability of

the various kinds of structure for useful and ornamental

purposes. We have then had a brief examination of the

structure of threads, and the fibres from which they are



Cliap. III.] ORNAMENT IN STRUCTURE. 29

made, and the suitability of each for the different pur-

poses to which it may be applied. Our next object must
be to examine into the principle of ornamenting fabrics,

either by the order of interweaving the threads together,

the introduction of colour, or both. And throughout we
must keep closely in view the purposes to which the

fabrics are to be applied, the considerations of strength and

general utility, and in no case must we impair the utility of

the fabric by ornamentation, but rather combine the two

to the utmost, and direct our attention always to the

production of an article which shall not only be

pleasing to the eye as a work of art, but also serve

to the utmost all the objects for which it is designed.

CHAPTER III.

ORNAMENTATION OP FABRICS IN THEIR STRUCTURE.

27. Relation of Ornament to Structure.—Our next

duty is to consider the ornamentation of the fabric,

and in doing so we must take care that we do

nothing which will detract from its usefulness. We
may, of course, ornament with colour to any extent

without in any way adding to or detracting from the

utility of the fabric so far as its wearing properties,

strength, &c., are concerned. But the question of the

use of colour we may deal with separately ; our present

concern must be to ornament by the varying order of

interweaving of the threads or constructing the fabric.

In the first chapter we have shown that plain cloths

may be ornamented to a certain extent by the alteration

of the relative quantities of warp or weft, so as to cause

the formation of cords or ribs j these cords would at all

times run parallel to each other, either longitudinally
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througli the piece or transversely. That is the simplest

form of ornamentation : and, if proper regard be paid to

the proportions of warp and weft, although simple, it is

very neat and effective.

28. Twilling.—The next kind of ornament is what
is commonly known as twills. These, in their simplest

form, are merely ribs or cords running diagonally across

the fabric. It would seem at first sight as if this form
of decorating fabrics would not permit of much variation,

but, in reality, it offers a wide field, and is prob-

DsanBD ably more used than any other. The first and

nnaSBS simplest sort of twill is represented by the

BaDHDn plan, I'lg. iU.

Fig. 10. Ill this it will be found that each weft
thread passes over two and under one warp

thread, and that the order of interweaving is consecu-

tive, that is, each pick of weft passes under a different

end of warp, following in the order 1, 2, 3. The
result of this is that every third pick and every third

end are repetitions, or, in other words, the whole
pattern is complete upon three ends and three picks,

and that the whole fabric consists of any number
of repetitions of these three ends and picks, j^ll these

repetitions join to each other in such a manner that the

line.of twill or pattern is continuous. Although this is

the simplest form of pattern-making next to plain cloth,

yet, like plain cloth, it is capable of being ornamented by
the alteration of the relative quantities and thickness of

warp and weft. The twill may be made more or less

bold, and the angle at which it runs across the fabric

may be altered, and it may be made to present a fine or

coarse surface. If the threads per inch of warp and
weft be equal, the angle at which the twill will run
across the piece will be forty-five degrees, because of its

moving from end to end in consecutive order. In this

particular pattern either warp or weft must preponderate
on the surface of the fabric. As it is presented here, the

weft preponderates in the proportion of two to one. If
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the pattern were worked in the reverse order—that is, the

weft to pass under two threads and over one—the warp
would preponderate on the surface in the same degree

that weft does now. It is a generally accepted rule

—

and, as will be shown with other patterns, verj properly,

too—that whichever set of threads, warp or weft, pre-

ponderates on the surface in the order of interweaving,

the same threads must also preponderate in the actual

number per inch, though not necessarily using threads of

the same diameter.

In this case, then, we say weft preponderates on the

surface. Then we should have a greater number per

inch of weft than warp ; and if we do so, the angle

at which the twill runs will be less than forty-five

degrees. We have here, even in a greater degree than in

plain cloth, the power of producing a fine compact fabric,

and at the same time ornamenting. But the question will

naturally arise, Of what does the ornamentation consist 1

because the mere alteration of the angle of the twill

can scarcely of itself be called an increased ornamenta-
tion. Certainly it cannot ; but accompanying this

altered angle will always be an alteration in the fine-

ness of the surface, and this of itself is an improvement.
At the same time, along with this fineness we have
more compactness, and consequently increased useful-

ness. As we increase the number of threads per inch

we must decrease their diameters in the proper propor-

tion, otherwise the proper balance will not be maintained
between warp and weft, and in all fabrics this must
be carefully attended to. Then if we have a greater

number of threads per inch, and these threads are pro-

portionately thinner, we must have increased fineness,

and consequently a better appearance, a closer and more
compact fabric, stronger in proportion to the weight of

material it contains.

We have in this one pattern one of the best illus-

trations in its simplest form of the ornamentation of

fabrics where colour is not employed] and it must be
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borne in mind that a very large proportion of textile

fabrics made for articles of dress are of one colour

only, and not a combination of colours, and are

dependent upon structural ornamentation for the

production of an article which Avill be pleasing to the

eye.

We may now proceed further in the examination of

twill patterns.

If we refer again to Fig. 6 we shall find that precisely

the same principle of arrangement, so far as the consecu-

tive order of working is concerned, has been adopted as

in the pattern of which we have just been speaking, but

instead of either warp or weft preponderating on the

surface, they are exactly equal. The generally accepted

theory of the true structure of a fabric of such a pattern

as this is, that warp and weft should be equal not only

in quantity but in thickness. That is quite true,

though we may produce a perfect piece of cloth without

this being actually the case, but the proper proportion

or balance must be maintained; we may increase the

quantity of weft or warp, but we must reduce the

diameters in a proper degree. Although the actual

number of threads per inch is not the same in warp as

in weft, the true proportion of one to another must be

retained. If we do so, we shall alter the angle of the

twill, we shall alter the fineness of the fabric, and the

increased fineness will add a value to it, render it

more pleasing to the eye, and at the same

RnnSSBSS time a more serviceable article.

nSKSDnn Proceeding from this form of simple

IliaHHHS twill, we may commence to make designs

inDDDSSS of a larger and more ornamental character.

Fig. 11. I^ patterns of the class of which we have

just been speaking, whether the repetition

occurs every three, four, or any number of ends, we
should simply have a series of diagonal bars or ribs,

all of equal size, and running parallel to each other. We
may add very much to the beauty of the pattern by
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varying the size of these lines or ribs, and in doing so

would probably add very nmc.H to the firmness of the

structure.

If we take, for example, the two patterns in -Figs. 1

1

and 1 2, we have the same quantities of weft and warp on

the surface, but one would present

a series of parallel lines all equal ggBRgSSaSnnnSlIS
in size, and the other would present nnSIBDBnBBSISnSa
a bold and a faint line alternately. BSSnSnSnHlaSSnBa
The one showing the variety of IgggBBallaSDanBi
lines would be the finer structure, ^ig. 12.

because the warp and weft inter-

change more frequently, are more firmly interwoven
together, and so secure firmness of texture. There
is, however, one thing which must not be over-

looked. If we are desiring to produce a heavy, bulky
fabric, the pattern Fig. 11 will better enable us to do it,

by allowing a greater number of threads to be intro-

duced into a given space. We have, however, still a

means left open of producing variety of lines, and yet

of securing the requisite weight, and also the requisite

firmness and closeness of texture. We have simply to

enlarge our design and employ a greater number of threads

in the formation of the pattern, and we may vary the

lines at will.

29. Arrangement of Designs on Paper.—Before

going further, it will perhaps be better to explain to the

stiident who may be just commencing his studies of

.

Textile Fabrics the meaning of the arrangement of

patterns in Figs. 11 and 12. The series of vertical spaces '

represent the warp threads, the horizontal ones the

weft, and the black points of intersection indicate that

weft, and the open spaces that warp, is coming to the

surface. Thus by the use of paper ruled in this

manner we have a ready means of conveying to

the eye the appearance the pattern will present in

the fabric, and of judging of its effect by the order of

interweaving.

D
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30. Patterns having a Twilled Basis.—Having
now determined the mode of ornamenting by the use of

simple twills, and their
DnBBBDnnHBHnnnBBBnnnBHB effect unon the structure
DBBBnnDBBBnnBBnDDBBBnnDB of the fabric as affecting-BBnnDBBBnnnBBBnnDBBBnDD xdunu, dO diieoiiiij,

BDanBBBnnnBDBBBnDngaBna not onlv the flrtnearancp_nnnBBBnnnBBnnBBBnnaaBBa -^
ttpptJcticiiiutj

nDDBBanDDBBBanaBBBDnDBBB of fineness but its useful-DDBBBnnDBBBnBnnaBBBannKa -LLiicucoo, uuu ito uociu±
DBBBDnDBBBnaBBDnnaBannna ness we mav DroceedBBBnnnBBBnnDBBBnnnBaBnnG ^^**j ^^ ^""^j jjiuoeeu
BBnnDBBBannBDBBBnaasaBna further and see whatBnDaBBHDnCBBGDHBBDaaBBBa ^ '

wiicib

Pi„^ ]^3^
effects we can produce by
varying the order and di-

rection of the twills. Here we have an immense field.

We may take any simple twill and by altering its direc-

tion at intervals,

rpo-nlflr or irrpo-n- nBBnBBQCBn-iaanBBnnananBannBnnBreguiHi ui xiiegu nnaaaBBanBnnaBnaaananaBnnannaB
lar wp mav nvo BnnaBnaannanDBanaannaBnnannaanicw, we ludy pio DBnnBBnBBnnBanBBDBBnBnnBaDBBnB
flnCP -nattevriq of CBDnBBGBBnDBDDBBnBBnnBnnBBnBBuLice pdi/teiiib Ui nnBnaBBnBBnnBDDBBDBnBDaBBnBBn
the most elaborate BBnDBDDBBDBBDQBDDBBDBDDBBDBBDDuie mobt eiciuuidtt; nBBnnBnnBBnBBanBnDBBDDBBnBBnDB
oharaoter and add BnBBnnBnnBBnBBanBnnBnBBDBBDDBnciiciicictei, ctuu ctuu BBnBBnnBnnBBDBBnnBnnBBnBBnDBnn
beautvto thefabric BDDBBaBBanBnDBBnBBnnBnnBBnBBueciuu^ uu 1/iieieiuii.o BnDBBnBBnnBnDBBnBBnBnnBnnBBDB
without in anv BDnBBnBBnnBnnBBDBBDnBBnnBnnBBDvvibiiuui; 111 Ally nBBDBBnnBDaBBnBBnDBnBBnDBnnBB
fipo-ree affectino- its DBBaBBnDBanBBDBBnDBnBaBBnnBnnBuegiee ducouiiig xto BBnBBaaBDDBBnBBnnBnnBBDBBDDBna
structure or" use- BnBBDDBnnBBnBBDnBnDBDBBnBBDnBnJsuiut.uuie ui use nBBDaBnnBBDBBnnBnnBBaDBBDBBnnB
fnlnesq Generallv BBnnBnnBBnBBnnBaDBBnBnnBBDBBnniLUiie&&. vj-eiieictiij^, BQnHDaBBDBBanBnDBBDBnBnnBBDBBa
this mode of deco- DBnDBBnBBDDBnnBBnBBnnBnnBBnBBtm& luuue UJ. uet.u nBDDBBnBBnGBDnBBnBBGBnnBDDBBnB
ratine- will assume BnnBBDBBnnBnnBBnBBDnBBnnBnnBBDittumg WLU cifesume BBnBBnnBnnBBnBBanBDBBnnBDnBB
one of three forms- nBBDBBnnBnSBBGBBnDBaBDBBnnBnaBuiieui. umcciuima. BBDBBnnBnnBBnBBnnBnnBBaBBnnBnn
first strines- second BDBBnDBnnBBaBBnnBnnBnBBnBBnnBnuibtjbuijjeb^becuxiu BBDnBnDBBnBBnnBnDBBnnBBDBBnDB
check effects : and. BBnnBnnBBDBBnnBDDBBnBnaBBnBBna

, . r V^^^''* ' ' BDDBBaBBDDBanBSnBDBaDBBaBBa
thu'd, figures pai' Fig. 14.

taking more or less

of a diagonal character. The patterns in Figs. 13, 14, and

15, are examples of the three orders or classes, each based

upon a different twill. They may, of course, all

have been based upon the same twill ; but by using a

different one for each we can more readily demonstrate

the use of variety of twills in producing patterns.

In ornamenting fabrics by the use of twills in this
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manner, we have a very great advantage over the use

of twills running continually in one direction. We can

obtain all the variety of lines

which the continuous twill

would give. We can also ob-

tain variety of form to any
extent we please, and we re-

tain the same texture and the

DHHDBnDBBnnHaDBnDBan
SDBBaaBBDaBBDDBIBDDSe
QDBBDBaDBBPBDaBBaDB

BiaDBBDDBBaDBBaDBBaa
DBBaDBBDBDBaaBBaDi^aD
ODBBaDBBDDBBGDBBaDBB
DBnBBaDBBDaBBaDBBaDB
BBDaBBGaBBaaBBDnBBDD
BaaBaBBaDBBaaBanaBDB
DDBBDDBBDDBBDDBBaDBB
DBBDDBDBBaUBBDDBDBBD
BBDDBBDDBBDDBBnaBBaa
BDDBBDDBDBBaaDaBBaDB
nDBBDaBBaaBBaaBBDDBB
BBDnBBnnBDDDBBnnBBn
BBaaBSaaBBDDBBDDBBDa
BnDBBDDBBDDBBaaBBDBa
DDBBDnBBDDBBDDBBDDBB
DBBaDBBDDBBaDBBDBDDB
BBDDBBaDBBaDBBaDBBDD

same degree of usefulness.

Extensive and valuable

as this form of ornamentation

is^ it is really only the fii'st

introduction to our work.

Fig, 15, Certainly, a very large pro-

portion of the fabrics made
are decorated from a basis of simple twills only, probably
in many cases because of structural advantages

;
yet the

use of twills in other forms may readily be resorted to,

and with all the advantages of the simple twill, and
greater scope for producing variety of pattern.

Another form in which twills may be, and, indeed
are, very largely used, is shown in Fig. 16, where a very
bold diagonal line is run, and a smaller twill running

BnaBEDGBBDnBaBB
aBBDDBBanBaBBBBD
DDBBDDBBnnBBBBDB
BDDBBaDBnaBBBnDB
BanaBaDDBBBBDBna
DaBDDBDBBaaDnBBa
DnflannaBBBnaDnaB
BnnaaaaaaaaBaDaB
BBDnBaaaaBnaBBaG
DBDBBBBDDBBDDBBn
DDBBBBDBGaBBGDBB
DBBBBaDBBDaBBaDB
BBBBDBnnBBDDBBDn
BBBanBBDDBBDaBDB
BBDBDDBBDDBBDDBB
DUBBDDBBGGBDBBB

Fig. 16

DBBBflDDDnnnaanBii
DBBaHnnnDDBanr ^
DBBBBaDDDaaDBBaG
BBaaaanBBDBiDDn
DBBBannaaaBaDDDn
BBaBnnBaaBBDnaaa
BaaanaanaaDDBBBB
BanaaBnaaaaBBBaa
nDuaanaBanaBannn
naaanBanDnaaBDna
naanBanDnnaaannn
BanBannnnnaaanaa
anaannananBaannB
nBBaaBBBBBBBDDBB
BBDaBBBBBBBnaBBn
DDBBaBBBaDDBBDa

Fig. 17

between and in the opposite direction, and again in

Fig. 17, where the same diagonal line is employed, and a

small spot introduced between. In either of these orders

of working we have an immense field for the production
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of variety of pattern. When dealing with the system o£

combination shown in Fig, 17, it requires great care and
judgment to prevent the fabric from becoming too loose

in its structure. If we attempt to make the figure too

large, or the diagonal line too bold, we are rumiing great

danger of interweaving the warp and weft at such long

intervals that the fabric will lose its value as an article

of utility.

Again, we may produce patterns in twill, forms

which are nothing more or less than a series of small

figures arranged in diagonal lines,

SaanSSSnnSnnS! without producing actually one con-

nDSSSSaSnnSBSa tinuous unbroken line, as in Fig. 18,

SSSSnSaDiSSnDa and also in many cases—and these

SnnSHnliSnnnlS are a very large class indeed—where

"DDiiSDnHISSa '^^ liave a diagonal line running upon

HaSSS^SBSSSSSS a ground-work of plain cloth. In

iSHDnBISsanaaa ^^^^ case of a pattern upon a ground

Fio-. 18. of plain cloth, we produce a fabric

of very firm texture, but not one

into which we can introduce a very lai'ge quantity of

material. In fact, whenever we combine plain with

any order of working, we reduce our power of making
either heavy or bulky fabrics, so that whenever our

object is to produce heavy goods we must bear this care-

fully in mind.
'31. Twills Arranged in Satin Order.—We must

now turn our attention to another class of twill, and
one which is of much importance, not only from a

decorative point of view, but also from considerations

of utility. In the first chapter (Sect. 8) reference was
made to satins as being arrangements suitable for the

production of fabrics requiring strength in one direction

only ; but satins are also valuable for the production of

fancy patterns ; or, rather, perhaps we should say for

the present, the principle upon which satins are

arranged is valuable when applied to other patterns, as

twills.
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In that portion of the first chapter to which we have

just referred, it is pointed out that the peculiar feature of

satins is, that no two succeeding picks of weft inter-

weave with adjoining ends, but that the points of inter-

weaving are distributed regularly, and in such manner
that no two can come together. This is dependent upon
the principle of arrangement, or perhaps it would be

as well to say rearrangement, of the threads, or the

points of interweaving. On examining any
satin it will be found that those points of nnnnn
interweavijig are such distances apart as wdll gbIIg
be represented by such a number of threads IbdBh
as is not a measure of the total employed in naSIi
the pattern. Thus, in what is termed a five- SUna
thread satin, the points of interweaving are IddSI
two threads apart ; in an eight-thread satin pig. 19.

they are three threads apart, and so on. This

may be taken as representing the rearrangement of

the threads of a regular twill. Suppose we take

Fig. 1 9 as representative of a simple twill upon five ends,

and we number the ends 1, 2, 3, 4, 5 ; we then take

these five ends and rearrange them in such manner that

the points of interweaving are always at in-

DDDna tervals of two from each other, as shown in

nISnS Fig. 20. By following the numbers in Fig. 20,

Igiyg it will be seen that the threads are simply re-

dIdSS arranged.

SdSdS I^ ^^as already been pointed out that in

iSaSB ^^y pattern where either warp or weft pre-

Pig. 20. ponderates on the surface of the fabric in

the order of interweaving, it must also pre-

ponderate in the actual quantity of yarn employed,

and that this applies more especially to satins. In
the case before us, where we have a twill and satin

side by side in Figs. 19 and 20, and we show that the

satin is simply the rearrangement of the twill, it would
appear that the rule sho\ild apply equally to both ; but
it cannot quite do so, because of one interweaving warp
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with weft in consecutive order, and the other at in-

tervals. Now, if that be the case in this kind of simple

twills, it is even more so in that of other twills. Let us

examine the two patterns Figs. 21 and 22.

Here we have the separate warp threads numbered
inexactly the same manner as Figs. 19 and 20, the only

difference being that a greater number

nnnnnnnnnnnn ^^ threads are occupied, and therefore

nnannpnnpDDp the order of rearrans^ement is different,DDDnnDDDanna . , ., . , ,
=> -inDDnnngBHBBBB thouojh it is based upon precisely theDDDDDBBBBBBD =*

• • i S fi , ,i •

DDDDBBBBBBng same principle—namely, that the in-DaDBBBBBBDnn
, 1 . ,1 1 r.

*^-
.pyBBBBBBDnnq terval m the order or mterweavinof isDBBBBBBDnDDD i^xi n ^ i i-i-°j.BBBBBBpppppg equal to the nrst number which is notHBBBBnDDDDnB ^ f .-, . ,

-,

BBBBpppppDBB a measuro or the total.BBBDnnnDDBBB ™ 1 r> ^ i? 1 . -XT xiBBpppppDBBBB lo make a perfect fabric with the

p. 21 pattern in Fig, 21, warp and weft should

be equal in every respect. There is the

same quantity of each on the surface, the order of in-

terweaving is consecutive, and the angle of the twill

would be one of forty-five degTees, but in the rearrange-

ment, as in Fig. 22, the conditions are altered. True,

there is still the same quantity of warp and weft on
the surface ; the angle of the twill is also one of forty-

five degrees, but the order of interweaving is completely

changed. In the pattern, when worked as a regular twill,

each end as it comes to the surface is

supported for five-sixths of its length SSBSSSSSaSS
by the end adioining it on each side, SyiSSSHRHSRi

"^ ' .
' UBBUBLJBLjnBiJB

consequently the cloth will look fine and DBpnBDBpBBpB
^ .. V 1 1 • 1 DaDBBDBDBDDB

compact it the threads are lust set so close BISSHSIHISSS^ . - . -n 1
nBDBnBBDBDBa

as to touch each other, or it they occupy iS52P15S5HiP
T

- ',.,.' ^ -^ BDDBDBDBBDBD
a space each equal to their diameters?, InBDninanBBD

The same remark will apply exactly BpapBaaBpHpn

to the wett, but in the pattern as j,.^ 22
shown in Fig, 22 alternate ends are

brought to the sui'face, as in the formation of j^lain cloth,

but they remain on the surface for a longer period than

in plain cloth. If we weave this pattern with the warp
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set the same distances apart as for the regular twill, each

warp thread will stand separate and distinct, and the

cloth would not be nearly so firm as in the

common twill. We must compare patterns of SSSSS
this class with plain cloths constructed so as SS55nDa
to form a rib across the piece ; we must have "SaBaSS
the warp threads fine, and so closely set anaaBB
that all those on the surface will be in rig. 23.

actual contact with each other, or so near

as not to show any division. The weft is con-

tained between the warp, it will therefore be

d5d52d5 ^^^^ straight, and the warp will bend round

SBBSn! ^*- Another example is shown in Tigs. 23

IBSSSSa a^^ 24; and, further, in Figs. 25 and 26.
aiDaDBD In both the instances of regular twill
Fig. 24. patterns. Figs. 23 and 25, the quantities of

warp and weft are nearly equal, and the order

of interweaving would produce a very firm fabric. In
the rearranged patterns, in Figs. 24 and
26, each pick is as nearly as possible RnnRSBSSSBn
a plain pick—that is, under and over DDDBBBHBBqg
alternate threads—and tor at least one y5S""BBnago
, ,„ ^, J J , -1 , ,1 BBBBHBaDDna
halt the pattern two picks together |5i|P^PHnR2i
are under and over the same threads. BaBgnqaggBBA- ji Tnr p ,1 ,. • BHnnnanBBBB
Again, they dmer from the pattern in BaananaBBBB
Fig. 22 in the angle at which the twill Fig. 25.

rans across the fabric. In Fig. 22 two
threads come to the surface together at

DBnanBDanBO regular intervals, in Fiffs. 24 and 26dBDBDBnBBDB .

nBDBDBBnBDB thev do not, takinsf in both cases thenBnBBDBDBDB i i ' i j , • j- x' rj t -o-BBDBaBDBDB blacK ciots as mdicating weit. In Figs.

BnBDBGBDBBa 24 and 26 the number of ends employedanBDBnBBnBn . ,

,

,
i -i • t-i- *^^^

BDBnBBDBnBn IS an odd number, while m Fio-. 22BnBBnBnBDBn ... a ixi i. n xi xiBBDBaBDBaBD it IS oven. Although all the three
Fig. 26. patterns in Figs. 22, 24, and 26 are

arranged upon the same basis—they are
all simple rearrangements of a regular twill—they will

p'roduoe difierent effects in the fabric, first, as to the angle^
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and second, as to tlie regularity of the twill. However,
the}' all possess one feature in common, namely, tliat they
are akin to the corded or ribbed class of plain cloth, but
the rib will not be in the direct line of the weft, and at

right angles to the warp, but will be more or less of the
nature of a diagonal line. They all require that the warp

shall be closely set, and the angle

nnnnnnnnnnnDDDBa ^t the twiU varies m each case as

DSInDHSiiliSnnSI t^^® relative quantity of warp and
HBDnnBHHBannnBHD weft varipsBnnnBBBBBDDDBBDB ^^^^ Vdiieb.

SHSiKISSBSBgyBS ^^ have in this principle of re-

BBilBnnnBlnBBnnn arrangement in satin order a very

SKSBBSISSSSBBSi easy and simple method of pro-

BSBByinSInBHSSlB <^^^^cing patterns for ornamentation,

nBBBnBlnBBBBBBBa ^^^^ ^^ proper relations be main-

SBDHBDnDBBBHiSHB Gained between warp and weft ac-

Fig. 27.
cording to the order of interweav-

ing, our fabrics will be of a most
useful character. In fact, in many cases the rearranged
pattern will give a more useful fabric than the simple
twill, just in the same manner as

the corded plain cloth is a more gaSmSaSSSaBSSSg
useful and strono- er cloth than BDBBDBBDnnHHnBBiiacj-ui diiu. aviKJii^ ex i^iuuxi viia^u. GBBnnnBBnBBDBnBB
the nlain cloth of the nure tvne DHBDBBnansaDBannuiic pictiii oiUL-ii uj. tiic ^uie LJ'pe. HDHnBaaBBDnDBBDa

The rearrano-ement of twills anBanDnaanaBDanBJ.UC iCAiidiij^ciiiciiu ux Lvviiib nnBaDBBnanaaDaaa
in satin order will, in a great many SiBSBDnBalBBBnlB
cases, produce patterns of a very BBBnlBIIBffBDnBaB
ornamental character, and present- SSSBBaBaSnaBBBBI
ing an appearance greatly difierent BBBSBISnaBiBBaBa
from that of the orioinal twill BannnBanaananaanixuiii i/iicti; ux^ txio uxxj^xiJOL 1/ w xix HaDBBDBDHaDBBDaa
trom which it comes. This is j,. gg

well illustrated in Figs. 27 and 28.

In the former we have a twill of ordinary type, but in

the latter we have one of a very different character. Not
only is it a distinctly ornamental twill, but the angle at

which it runs is altogether different; the order of

interweaving is different so far as the successive

order of each end is concerned, though the enda
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taken individually are precisely the same. In fact, if we
examine the ends and their numbering, we shall see that

Fig. 28 is Fig. 27 rearranged. It would be a very

easy matter to give a very large number of illustra-

tions, but the limited space will not permit it, and the

number of patterns capable of being produced has

already been fully illustrated in my " Album of Textile

Designs."

It was pointed out ou page 38 that in many cases the

rearrangement of a twill in satin order very frequently

altered the angle of the twill, and by the alteration of

angle, as well as the order of interweaving, would neces-

sitate the alteration of the relative quantities of warp
and weft. This is true in the great majority of cases ; if

the rearrangement takes place in the warp threads, the

angle of the twill generally runs in the direction of the

weft, and so approaches a ribbed fabric, as shown in Figs.

24 and 26, but in some cases the angle of the twill

will remain the same as in the original, though these

cases are not very numerous. In some few the angle
will be more in the direction of the warp. The altera-

tion of the angle is mostly dependent upon the order of

rearrangement, but in a few instances it is affected by
the order of interweaving of each individual thread. In
any case it is a matter of the greatest importance that

the relation of warp to weft should be carefully adjusted

to the patxern, so as to secure a proper balance of struc-

ture, and so make the fabric serve all useful purposes to

the utmost.

There is one point here which may be observed : if

the fabric is to be fine in the warp, or to be able to bear
great strain in the direction of the warp, it is generally

most readily obtained by rearrangement of the warp
threads, as already shown ; but if it must be fine in the
weft, or be able to bear lateral strain, then it may be
readily obtained by the rearrangement of the picks or
weft threads. The ornamentation of patterns of this

character need not be dependent only upon the particular
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class of pattern shown in Fig. 28, but as in ordinary

twills it may consist of a variety of lines, or, in other

words, by variation in the thickness or width of the

ribs.

From what has been said the formation, and more
especially the rearrangement, of twills is intended to

serve the joint purpose of ornamentation and increased

usefuhiess ; but rearrangement of twills may be made for

the sole purpose of ornamentation, and we have in this

mode of working an immense field. It may be said that

by the rearrangement of twills we have a means of pro-

ducing a large variety of fancy patterns by a purely

mechanical process, and that for their application to the

fabric only judgment in selecting is required so as to

apply that class of pattern which is most suitable for the

class of fabric to be produced.

32. The Production of Pattern by Rearrangement
in Different Orders.—The system of rearrangement of

which we have been speaking is one of the most
perfect, but, as has been shown, it will produce

generally but one class of pattern. We must now
look for systems which will give us greater variety.

We might look to what is commonly known as per-

mutation to supply us with this, but we must be
careful not to be led away by false ideas of the number
of patterns we can produce, or the modes of producing

them.

According to the system of permutation, two objects

can be placed in two positions in relation to each other,

three objects can be placed in six positions, four objects

in twenty-four positions, and so on. At first sight it

would appear that we may produce so many patterns

upon auy number of ends as permutation will give us

positions, and that simply by the rearrangement of those

jDOsitions. Further, we might say that as each end of

warp must interweave with a given number of picks of

weft, the number of patterns capable of being produced

upon a given number of ends and picks would be repre-
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sented by tlie permutation of ends and picks together
;

thus, if we take four ends and four picks, as represented

here, nnna "t^^^ere are sixteen points of intersection of

warp §385 "^itli weft. Now, the permutation of six-

teen DOQ^ gives us a number represented by fourteen

places of figures,or 20,867,685,888,000, so that it would
appear that that would be the number of patterns we
can produce. We must see what is the real state of the

case. Patterns must have some definite order in their

arrangement, and they must also bo so arranged as to be

continuous. Any pattern must be so that it will join to

itself on all sides, and be perfectly continuous if extended

or repeated in any direction. Let us take, for example,

a plain cloth, ^g Here we have a complete plan of

a plain cloth. ^° Two ends and two picks are used
;

there are four points of intersection. Those two ends

and picks would be repeated any number of times so

as to produce the width and length of fabric required.

Suppose we exchange the places of the two ends,

thus, g^ and repeat this rearrangement any num-
ber of °° times, we should not produce a new pattern

;

when extended they would both be exactly the same
thing. Again, in exchanging the ends we have also

exchanged the picks, so that it is quite incapable of

further alteration in this respect, and all further efforts

to produce patterns in this direction will be in vain.

We will go one step further, and alter the order of

interweaving, thus, ^^ Here we make three of the

four spaces black, or ^^ make weft come to the sur-

face at three of the four points. If we were to ex-

change the places of either ends or picks the result

won d be the same as in the previous case—that is, the

pattern being repeated, the threads would be made to

bear the same relation to each other as they did originally,

so that we can go no farther in that direction. There
is another point also which reduces this proposition

to an absurdity. It will be seen that one pick of

weft passes over both the endiS employed, and also
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that one end passes under both picks ; therefore, no
interweaving can take place, and cloth will not be
formed.

It must always be borne in mind that whatever
number of ends or picks are employed in the formation of

a pattern, we are confined to that number, and the whole
fabric is a series of repetitions. That being the case,

plain cloth is incapable of any variation in the order of

interweaving, although, as previously shown, it may be
made the basis of a system of ornamentation. If we
take three ends and three picks we have apparently some
room left for ornamentation, but in reality we are again

limited to two positions, thus, We may
1 j-i J • nna odd , "^

place our three ends in any nea or Dan order we
please, but they will always produce
exactly the same thing-—a regular twill running from left

to right or from right to left ; and any alteration in the

order of the ends will produce an exactly corresponding
alteration in the picks. In fact, it is as if we take three

straight lines ; we can produce but one figure from them
—namely, a triangle. We may obtain an apparent
alteration in the twill by bringing weft over two warp
threads instead of one, thus, but it is the same
pattern. We are merely dsh substitutiug weft
for warp on the surface, and the back of one
fabric "\vill be exactly like the face of the other. If we
take four ends we have a little more scope for the produc-

tion of patterns, but it is still very limited. We may run
our twill in one direction or the other, or we may break the

pattern into two portions, and reverse the order
of position of one of the pairs, thus, Dana and so

produce a quite distinct effect, but so far onna as re-

arrangement goes, that is all we can do, every
other rearrangement producing precisely the same result.

We have, however, one advantage, which increases as

the number of ends employed increases—that is, we can
vary the order of interweaving more—though with four

ends we are limited to two—^the one given above and
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that in which we allow weft to pass over and under two
warp threads, thus, Hnna each being equally capable,

of the same varia- dhbd tion.

If we were to pro-
"*'-"-' ceed in detail through each

number of ends in succession, we should find at each step

that we have not only the advantage which has just

been pointed out—the power of varying the order of

interweaving—but greater variety of rearrangements.

We have not only the satin arrangement already

spoken of, but a great number of other orders.

For example, we might transpose the ends in twos,

threes, fours, or any number—thus, 2, 1, 4, 3, 6, 5,

or 3, 2, 1, 6, 5, 4, &c. Each of these transposed orders

may be further rearranged. After we have trans-

posed, say, in twos, take the resulting pattern and
rearrange it in satin order, -the pattern resulting from
that in some other order, and so on, until we eventually

return to the original starting point. There is but the

one thing to bear in mind—that all our rearrangements
must be regular ; there can be no pattern without regu-

larity and order. If we do not carefully attend to that,

we shall have simply a jimible of threads together and
no pattern.

33. Patterns Produced by Combination of Twills.

—

This method of producing patterns by rearrangement is

but the fii'st step in the production of new designs

for fabrics in a systematic manner. Great as is the

number of designs which may be obtained by this mode
of working, it is small compared with what may be
obtained by other and equally systematic methods. We
may turn our attention next to what is known as the

doctrine of combinations, and from that we shall be able

to obtain an infinite variety. We will first examine into

the system of combinations, and then see how far we
can apply it to the work in hand. Although, as has been
shown, permutation gives nominally great power of pro-

ducing patterns, yet, in reality, when applied in regular

order, as is necessary for designs, it is limited. It might
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almost Ibe said that combinations give an unlimited
power. The combination of two square pieces, each
divided diagonally in two colours, is said to be capable

of being made in sixty-four different ways. According
to Prestet's calculation, the combinations possible of the
twenty-four letters of the alphabet taken by twos, then
by threes, and so on, amount to a number represented by
thirty-three places of figures, or thirteen billions of

billions, or 139 quintillions, or so many different words
may be produced. There is this difference between the

combination of such things as the letters of the alphabet
and the ends of a pattern—whereas the letters of the

alphabet are all different, the order of working of the

ends of a pattern should be similar. Still, although the

working of the ends should be similar, the order of inter-

weaving of the picks need not necessarily be similar;

and again, any two letters will admit of but one com-
bination, but two patterns will admit of a number
of combinations, and at each one produce a new
pattern.

Combinations are generally taken as denoting the

placing together of objects, quantities, &c., and their

alteration or variation in all possible ways. Thus, one
object will admit of no combination; two objects will

admit of one combination only, provided they are simple

objects, but if they are not simple ones—if they present

different appearances on their different sides, as in the

case of the coloured squares—then they will permit of a
great number of combinations ; and further, as we
increase either the variety or the number of objects, we
increase at the same time the number of fresh combinations
possible. We will proceed first with the combination of

sim23le objects in twos. Two objects will admit of one
combination only—viz., ab ; three objects will admit
of three combinations

—

ab, AC, and bc ; four objects will

admit of six combinations

—

ab, AC, ad, bc, bd, CD ; five

objects will admit of ten combinations ; and so on. The
combination of any number of objects will proceed ac-
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cording to the triangular numbers 1, 3, 6, 10, 15, 21, &c.,

or a general formula will be—j—2— = combinations
;

that is, let N represent the number of objects—suppose

6—then —to~ = 15 : or fifteen will be the number of

combinations which may be produced from six objects.

Now let us see how this will apply to patterns, and

how far we may extend it by placing the patterns in a

nDBDa naannBG nHHflDDB BDBBBDa dbdbbbo
BnnBnna BDDBnnB BDaBDDB bddhddb BanaaDB
BDDBDBB BflDDBDB BBBDnBD DBHHDaB BnBHBDD
DDanDBB naannaa nnannaa nnannaa nnanaaa
DaaDBBB BDaanaa aaDDBaa aaaDDBn caaaDae
DBDaaan nannaan nannaan DaanaBD DanaaHQ
nanaaaa nDaaaaa annaDBB aaGnaDB aaaDDaa
annaann annaaaa annaann Banaana BaDaann
aDBaaaD Danaaaa naanaaa annaDaa Baaaaaa
nnaanaa nnaaanB nnaanna nnaanna nnaanna
naBBDna aDBBana anaaan DnaDaaa aanaDBB
naannan naaaDan naannaa naannaa naannaa
aaannan naaanna anaaann nanaaaa nnanaaB
BaauBna aaDnaoa aanpana aannaaa aanaana
Fig. 29. Fig. 30. Fig. 31. E'ig. 32. Fig. 33.

different position in relation to each other. In Fig. 29

we have a combination of two seven-end twills, pick and

pick alternately ; that is, the first, third, fifth, &c., picks

would form one complete seven-end twill of themselves,

and the second, fourth, sixth, &c., picks would form one

pattern. The two patterns are

placed together alternately, one ggggggl I33lnnl
pick of one and one pick of the gggggK RHanni!
other, and so form a new pattern, ggggggg nannaia
Now, as we have just pointed out, gggSSa" InnBana
two simple objects permit of one ggjgggg nnalnnl
combination only; but two patterns ggggggg naannia
can scarcely be called simple objects, ggggggg SSBalBS
In the first place, each pattern oc- ^ig. u. ^Fig. 35.

cupies seven ends, consequently

they can be placed in relation to each other in at

least seven different positions, as shown in patterns 29

to 35.

Then, after v/e have found by the formula givec
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how many combinations we can produce from a given

number of patterns, we may multiply that by the

number of ends in the pattern,

because we can combine them in as

many positions as there are ends

employed.

Upon seven ends suppose we
make, say, sixteen simple twills

—

not a very difficult thing to do.

We can combine these sixteen twills in ,
^
^ =120 times

1x2
in one position in relation to each other, and as there

are seven ends, we may produce 120 x 7 = 840 patterns

npQHBBn
DBiHDDn
BBDnnDH
nnnDBHB
DDBBBDn
BHBDnnn
BDDDDBB
Fig. 36.

nsnaBBD
aBBBDna
BBDaBDB
DDBnBBB
BDBBBan
BBBDGBa
BDDBDBB
Fig. 37.

Bl

DDGBBBD
DDDBBHa
~BBBDDB
BBBDDD

BEanaDB
BBDaaaa
pnHnaaa
DHnDaaa
BDBBBGG
DDBHaan
BBBDDBD

nnaa
nnHDBB
onaaHH
Fig. 38.

DDBDBBB
nnnHBan
BDaaaaa
nmaanna
BBaaaan
BBnnnDB
BDDBaBB
annnaaa
DBDBBaa
DDBBBDa
DBBBDDB
aaannnn
BBaGBDB
BDaDDBB
Fig. 39.

annaDBB
nDnaaaa
Daaaaan
naaaDDDaaaDDB
BBDanDB
BanDBDa
DDDnaBB
DDBnBBB
DDBBBDD
BDBBBDD
aaaDDDD
BBBGDBD
BDDDDBB
Fig. 40.

BaaDBDB
DDDBBBD
DDBDBBB
DBBBDDD
BDBBBDD
BBDDDDB
BBBDDBD
DDDDBBB
BDDBDBB
DDBBBDD
DBDBBBD
BBBDDDD
DBBBDDB
HDDDDHa
Fig. 41.

BBBDDBn
DDDBBBD
BDDBDBB
DBBBODD
DBDBBBD
BBDDDDB
DBBBDDB
DDDDBBB
BBDDBDB
DDBBBDD
DDBDBBB
BBBDDDD
BDBBBDD
BDDDDBB
Fig. 42.

by combinations. But we have not done even yet, for

each of these simple twills is capable of rearrangement,

and they can then be combined
in their rearranged form. Thus,

Figs. 36 and 37 are rearrangements

in satin order of the two patterns of

which Fig. 29 is composed, and the

patterns 38 to 44 are combinations

of those rearrangements. The ap-

pearance presented by these patterns

is very different from that of those

composed of straight twills, so that

we have here again 840 more patterns possible.

is only one rearrangement. Many others may be made
;

each again may be dealt with as before, and so give us

GBBBnnB
DDDBBBD
BaDDBDB
DBBBDDD
DDBDBBB
BBDDDDB
BDBBBDD
DDDDBBB
BBBDDBD
DDBBBDD
BDDBDBB
BBBDDDD
DBDBBBD
BDDDDBB

Fig. 43.

BDBBBDD
DDDBBBD
BBBDDBD
DBBBDDD
BDDBDBB
BBDDDDB
DBDBBBD
DDDDBBB
DBBBDDB
DDBBBDD
BBDDBDB
BBBDDDD
DDBDBBB
aDDDDBB
Fig. 44.

But this
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an unlimited field for the production of new designs

Perhaps, in producing this great number of patterns,

we should find in many cases that we have repetition,

though the repetition would not take exactly the same
form, but probably the pattern would appear in reverse

order ; still, it would be none the less the same pattern,

and again, many of the patterns would come so nearly

alike that they would amount practically to the same
thing in the fabric. However, the principle is valuable

as enabling us to produce a large number and variety of

designs with the least possible amount of labour, and
giving us a power of producing patterns of even a more
elaboi'ate character than the combinations previously

alluded to produce.

So far we have been speaking of combining our twills

in regular order in twos only, but we may vary the

order as much as we like, provided only it is on a
systematic basis ; and we may combine in threes, fours,

or any number we please. We will see how far the

combinations in threes or any number will enable us to

go. If we combine in threes, three objects will admit of

but one order, four objects will admit of four orders,

ABC, ABD, ACD, and BCD, and five objects will admit of

ten combinations. Thus for combinations in threes a
N N- 1 N—

2

general formula will be -j- X ~2'~ ^ —3—' ^^^ ^^ ^^
>

and the same formula may be extended to the combination
of any number of objects, and by any number at one time

;

and the formula for determining the nunaber of combi-
nations will be as above, continued to M, the number of

factors. In these series, as in the series of twos, each
pattern is capable of being placed in relation to each of

the others in as many positions as there are ends used.

So that we have surely a sufficiently wide field for the
production of designs of this class without having in any
way to draw upon imagination, but we have to exercise

a proper discretion in applying them to the fabric.

B
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CHAPTER IV,

STRIPES, CHECKS, AND FIGURES FROM COMBINATION OP

DIFFERENT TWILLS.

34. The Effects of Combination of different Twills

in Stripe form.—We may now proceed to deal with the

production of designs from the combination of twills or

other patterns, and in doing so we must not only take

into account the pleasing effects we may obtain from
such combinations, but also the relations of the structure

of fabric of one pattern to the structure of another

pattern ; and thirdly, the economic use of patterns in

the process of weaving. We have already pointed out

in reference to Tigs. L3, 14, and 15 that patterns

may be readily produced from simple bases, by com-

bining them so as to form stripes, checks, and figures.

In all those cases the pattern is produced by combining

the twill with itself ; that is, it is allowed to run for a

given number of ends or picks in one direction, and
then for a given number in another direction, so forming

the pattern by the twill lines running in various direc-

tions. This is probably the easiest mode of j^roducing

patterns of a large size, and also of an elaborate character,

thousfh it must of course be borne in mind that there will

always be a certain stiffness about them. One chief value

of patterns arranged upon this basis is their economical

production in the loom. The stripes or checks may be

varied to any extent ; the pattern may be as large or

elaborate as we please ; but if proper care is taken in their

arrangement there are only a limited number of different

orders of working ; that is to say, the whole pattern con-

sists of a twill, which is represented by a limited number
of ends. These ends are simply repeated over and over

again, perhaps not exactly in the same order, but the
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order is varied according to the working of the pattern.

Still a few ends are representative of the whole, and
consequently a few " healds " will suffice in the loom
for weaving the pattern. It only requires that proper

care be taken to arrange the order of succession of the

ends, and the order in which they are drawn through

the healds, to ensure the proper pattern being produced

in the most economical inanner.

In the principle of rearrangement with which we
dealt in Chap. III. we have a power of producing pat-

terns of much greater variety than we can obtain by
the mere combination of a simple twill with itself,

at the same time that we preserve the economical mode
of working. But in its application very great care be-

comes necessary to ensure the fabric being perfect ; and
not only for that reason, but also because although we
may combine patterns which have the same common
base, and so produce a pattern which can be worked
with a small number of healds, yet we may so combine
the two that they cannot be worked with a small number.
And again, we must bear in mind the similarity of the

two patterns, or their bases, must not be imaginary but
real.

We will examine first into the question of the com-
bination of patterns coming from the same base, but
producing different effects in the fabric, and requiring a

rearrangement of the proportions of warp and weft.

If we refer to Figs. 21 and 22, we shall find an
illustration of the fact that the rearrangement of the

threads of a pattern will require an alteration of the
relative quantities of warp and weft. Now, these two
patterns come from the same base. Every separate end
in one pattern is raised and depressed exactly in the

same order as the ends in the other pattern, only they
do not bear precisely the same relation to each other

in their order of succession, as is indicated by their

numbers. But one can be woven upon the same
healds as the other ; that is, the heald which carries
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thread No. 1 in one pattern might also carry thread

No. 1 in the other, and so with thread IsTo. 2. This is

usually the first point looked to in the arrangement of

patterns, because if we can produce an elaborate design

upon a SDiall number of healds, we can do our work in

the most economical manner ; and so far as the two
patterns to which we have referred are concerned, this

can be done readily, but we must look carefully to the

effect in the cloth. We have already seen that in the

two patterns to which we are now alluding the one will

require considerably more warp threads per inch than

the other, or if we were to weave them both from the

same warp, with the same size of yarn and the same
number per inch, there would be a great difference in

the two cloths. Then it must be very evident that if

we combine these two patterns in the same cloth in stripe

form, there will be a difficulty in the formation of the

fabric in consequence of one portion interweaving more
loosely than the other. The effect will be that the warp
forming one portion will gradually become slack, and an
effect commonly termed " cockling " will be produced. If

we make very small patterns, or patterns occupying only

a very small number of ends, this would not perhaps

be so apparent ; but if the pattern be large, then it

would become a serious objection, and in fact it would
be almost, if not quite, impossible to produce a per-

fect piece of cloth, unless the two patterns were made
from different warps, and came from different warp
beams in the loom.

35. Combination of Different Twills in Check
Form.—If we take the same two patterns, and combine
them in a diff'erent order, say so as to form a kind of

chequered pattern, as in Fig. 45, we sliall obviate the

difficulty to some extent. Here it will be seen that each

set of threads works first to one pattern and then the

other alternately. That being the case, one will

neutralise the other, and so prevent the " cockling

"

which will occur in the case of a stripe pure and
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simple. We have in this case obviated one difficulty, but

care must be taken that in doiiio- so we don't fall into

another. If we are workii]g in this stripe form, by a

simple combination of the two patterns Figs. 21 and 22

side by side regularly, there would be no difficulty about
weaving the pattern with the smallest number of healds

possible—namely, twelve—because one portion is simply

the other rearranged, so that it is really a continual

repetition of the same twill, but not with the ends
always in the same con-

Rppntivp nvflpr Tlip qmnp BnanaBHEBDBnnBaaBHBnnnnnD

mav be said also of the BnHHDHDBnDannnHBHBBHnnnaiiidy ua bdiu dibu ui iim sarjHDBaBBnBannnBBBBBBnar
desio-n Fio- 4-5 hnt a«; thp aHDHaanaBDBnnnnnBBBBBBnLuebigu Jig. "to, OUT} as ^ne DBDBaBBaBnBnnnnnnBBBBBBa
two orders of workirip- px- DBaBnnanBnBnnnnnnnBBBBBBtwuuiueiboi woiKUigex DBnBBaBDBnnnBnnnnnnaBBBB
fbano-p nlaPPS ntintpi-vnlq DBnnBnBnBBnDBBnnnnnnBBBBcnange places at intei vajs, DHHasnBDDBnnBBBnnnDDDBBB
nnlpss tlinsp pvpbano-ps avp DDBDHaHHDBnnBBBBDaDnnnBBUilltJhb UlUbt; excUdUgtibclie HQHDBDDBnBnDBBBBBnDnnnnB
nrnnprlv- nrrTno-prl fbp DnnaDDBBBBBBnBnBnnBnBDBQproperly arrangea, tne nnDaaaBBBBBnnBnBDBBDBDBa
two qpts of warn fbrparls DnDDaBBBBannHananaDnanantwo sets oi warp tnieaas nDnBaaBaannnannananaBnBa
will not bp pxaot faf- nnaaBaaanDnnaDBBnanaDnaavviu iiub ue cAdcu idu nBaBBBaDnnnnBnannaDBnaaa
similps nf Pap"h ntTiPr • BBBBBBDDnnnnBaBnBBDBnBDg
JsiililltJb ox edon OtXiei

j BBBBBDDDDnnBBDBGBnnBaBDji
anrl nnlpss tbpv arp so BBBBDnnDDnBBnnBnBnBanBDHaiiu uiiietjb L-iitJj^ ti-it; bu, HaannnnDnaBanaananBDnana
tbpv ponld not Dossiblv BBDnDnDnaBBanaDnananaanBLliey COUiU not pObblUiy HDaDaDDBBBaBDBDBBDBnBDDB
be woven with the same Fig. 45.

healds.

It is not intended here to enter closely into the

question of " drafting," as that subject is fully treated in

my " Treatise on Weaving and Designing Textile

Fabrics ;
" but it is necessary to refer to it so as to

enable the student to more fully understand the

application of design to the fabric from a practical

point of view. For the purpose of explaining this more
clearly we will refer to Fig. 46. This is, in all appear-

ance, exactly the same pattern as Fig. 45. It is, in fact,

the same combination, and made in apparently the same
manner; but if the threads be carefully examined all

through the pattern it will be seen that there are no
two exactly alike, so that although we are making the
same pattern, exactly the same combination, we have



nBGDaDSDBaaDDGDBssBsaa
DBnHBnHnaanannnDBHBBBBDn
DBnnSDBGBBDSaanBBBBBBDDn
nBBDBaBnDBnHnnBBBBBaannn
DnBaSDBBaBuBDBBBBBBC
BUBDanGBnaaBBBBBBBG:
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made it more difficult and more costlj to produce, by

requiring a greater number of healds to weave it with,

36. The Method of Joining Patterns in Combina-

tion.—In arranging patterns of this kind, the manner in

which the two patterns join together requires much care.

The point of junction should be such as to show no

imperfection ; that is, the weft or warp should not pass

under or over a greater

PiDHaBHaBGBanannaaBHHBBB or less number of threads

at that point than they

do anywhere else. There

=====- ^1"® instances where some

i8SggiBiBiSSiiS!?BS=i;ii little imperfections must

iGGlaiQiaaBaiiaGGz=ZHlii occur at the junction, but

5.?8SS?gyigiggBgBSHyi§i5i - all care must be exercised

BBBBgiKIiSSSPBIBIBgiBi to reduce them to a
GGGBBBBBBG' ^^""SHnHnsnnB . . ^

GGBBBBBBGCGziiziGnaGBGBa mimmum, and present

BiliiSGBzSSzgiBiaBaBiaiB the fabric to the eye per-
BBBBBGaauGGSSGGBGBGBBGaa r^^i. ^„ ,^^„^,1^ o^ Tr, +l-.-;cBaBaGaGGaGBaBGBaGBGBGQBa tect or nearly so. in tnis

lISBBBBBgSKIBIBglBSBIgB system of producing pat-
GGDaGaBBaaBBGBaBGGaQBGB ^^^^3 ^^ 4^^ the basis

of most of the designs for

fabrics for men's wear, and we certainly obtain a very

great variety ; and they are used both for heavy fabrics,

such as coatings and trowserings, and for many other

cloths.

37. Effects upon the Fabric.—In the illustration

in Figs. 45 and 46 of the difficulty of combining two
patterns one of which is a rearrangement of the other,

we have not by any means shown all the difficulties, nor

in the simplest form. In dealing with patterns which
appear easy and simple, and in which the principle of

rearrangement is carried out in its simplest form, we
may find that the effect of the two portions in the

fabric is very different ; and we cannot be too careful

how we place them in juxtaposition. Suppose we take

a pattern based upon a simple six-end twill, as in

Fig. 47. We may have no doubt or difficulty about
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its working. The twill occupies the largest

the fabric ; the stripe, «, occupies but a small

portion, as does also b. In the order of in-

terweaving of these three portions it would
seem that there could be little difference,

and there certainly is not so much difference

as there may be in some patterns, but just

enough to require caution and proper arrange-

ment. It will be evident that in the twill

portion the weft and warp will bend round
each other in an equal degree, and con-

sequently that the same quantities of warp
and weft will be required to form a perfect

cloth. The same may be said of the stripe

5, although it is not the same kind of struc-

ture ] but there is this difference between
this portion and the twill : whereas in the

twill every succeeding end and pick inter-

weave differently—that is, not under and
over the same threads—^in the portion h there

are three warp ends, and three weft picks

together exactly alike, and therefore a greater

number of threads per inch of the same size

of thread could be introduced into a fabric

of the structure h than of the twill cloth.

In the portion a of the pattern each weft

pick passes between alternate warp threads,

and three succeeding picks are exactly alike,

so that the warp in this case cannot exercise

power over the weft, and make weft bend
round warp in any degree, but the warp must
bend round the weft. That being so, to

make a perfect structure of the fabric there

should be a greater number of warp than
weft threads per inch. It must be clear that

if we were :o combine three orders of work-
ing such as these in large patches or stripes,

say of one inch each, there must be some

portion of

Basaon
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difficulty in obtaining a perfect cloth. As has already

been said, the difference in this case is not so great as in

nanBDHnBnHDHnHnnaanDBHnHnnssncHannEannaneHnnBHn
HDBaBDBDBngDHDSDDaannHBnHffincaani^BgcDSMnnnBannBB
BnanBDBDBDaDBCiBBcnr.innHHnnBBncBBnDHanDHanDHBDDB
BnaDanaDBDBnBaanBSGDafsnanBBaDBBnnBBcnBBDBBDDBana
HQBDBnananBDBnanDHsaGBanaanBBDDBBnDHBDnBCBHanaaa
BBDBDaaaDBsaaBDBDDe^GaaBnBBDaaBDaBBnDBBDDDBaaDBB
BaanBnaDBnBDaGBBGDeBnaaBDaBBDDBaDDBBDaaaDDaaaDB

BDBaaDBGBaBDBaBDeBGGSIBGaDBBDaBBDDBBaaBBDBBDGBBaa
BaBnBaBDBGBGBDBaDBaDGBaaBDDBBGDBBnaBBDDaDBBDaBSa
aaDBaBGBDanBDBaBcnBBGUBBGBBDaBBDaaBaaaBDDnBBaDBB
OBDBGaDBDBnBaBaaBGDBBDGBBDDBBDGBBGDBBDDBBDGaBaDB
BDBaBaBnaDBDBaaDBBaDaaDDDBaaDBBGGBBDaMGBBDGBBaa
BaaBBaaBBDDBBnDBDBEDDaaaBDnBaDDaaDDBBdDBDiBGDBBa
paBBaaBBDDBaDGaaDaBBODBBnDBBDaBBaGBBDDBBaDBBGDBB
OBBDDBBDDBBDGBBaBaaBBDDBGBaaDBBGDaBaDBBaBDDBBDDB
BBaOBBDDBBDnBBnaBaGQBBDDBBnaBBaaBBaaBBaDBBnDBBDa
BDDBBDaBBDDBBDnBaBBIX]BBaBDDBBGDBBaDBBDaBDaBaDBBG
CDBBaDBBDaBBaGBBaGBeDGBaaaBBaDBBDaBBDDBBDDBBaaaB
DBBaDBBnDBBaDBBaaGaBBaDBDBBaDBBDGBBDDBBaBGGBBaafl
BBDDBBDaBaDDBaGaBBaOBBaDBBaaBBaaBBDDBBDGBBanaBCD
BDaaaaaHBDDBBDDBGBBQGBBnaDGBBaGBaDDBBDDBDBBaDBBD
DDBBaaaBDGBaDaBBaGBBOGaaaDBBaaBBDDaaGGBBGGBBanBB
DBaDDaaaaBBDDBBDBaaBBDaaaaBaGaaGDBBDGBBDBDDBBDGB
BaDaaaGaBEaaaBDaaBGGaBaDBaDDaaaDBBGGBBDDBBDDBBDa
BaaBBGaaBDGBBaDBDBBaaBaDBDBDBaBDBaBDBGBDDBBDGBBa
DBaDDBBGDaBaGBBDaDaBDDBBaaaBGBDaDBGBGBDBDaBBGGBB
BDDBBGDBBGGBBDDBBDGBBDaBaBDBGBDBDaGBGBaBaDaBBGGB
DBBDDBBGDBBGaBBDBBDDBBDDBDBDBnBDBDBDBGBGBBDGBBGa
BGGBBGGBBGGBBDGBGBBGGBBGBDBGBGBDBGBGBGBGUBBGGBBa
DBBDGBBGDBBGDBBDGaBBGGBBDBGBGBGBGBaBGBGBDGBBGGBB
BGGBBGGBBGGBBGGBBGDBBDDBGBGBGBDBGBGBGBGBBGGBBGGB
DBBDDBBGGBBGGBBGBBDGBBGGBDBGBGBGBGBGBGBGBBGGBBGn
BDDBBDDBBGGBBGGBGBBGGBBGBGBGBGBGBGBGBGBGGEBGGBBa
OBBDDBBGGBBGGBBGGGBBGGBBGBGBGBGBGBGBGBGBGGBBGGBB
BGDBBDGBBGGBBGGBBGDSBGGBGBGBGBGBGBGBGBGBBGGBBGGB
aBBaDBBaGBBaDBBDBBaaBBGGBaBDBaflGBaBGBDBGflBGGBBaa

Fig. 48.

DDBBnnBBnaHBnaBBnnBBnnBB
anqflBGGBGGBBGGBBGBBGGBEB
BGDGBBGGBBGGBBGGBBGGBBBD
BBGGGBBGBBGGBBGGBGGBBBGD
OBBGGGBBGGBBGGBBGGBBBGGB
DGBBGGGBGGBBGGBBGBBBGGBB
BGGBBGGGBBGGBBGGBBBGGBBD
BBGGBBGGBBGGBBGGBBGGBBGa
HGBBGGBBGGBBGGBBGGBBGGBB
GBBGGBBDGBBGGBBGGBBGGBB
BBGGBBGGBBGGBBGGBBGGBBGG
BBGGBBGGBBGGBBGGBBGGBBGG
DGBBGGBBGGBBGGBBGGBBGGBB
DGBBGGBBGGBBGGBBGGBBGGBB
BBGGBBGGBBGGBBGGBBGGBBGG
BBGGBBGGBBGGBBGGBBGGBBGG
DGBBGGBBGGBBGGBBGGBBGGBB
DBBGGBBBGGBBGGBBGGGBBGGB
BBGGBBBGBBGGBBGGBGGGBBGG
BGGBBBGGBBGGBBGGBBGGGBBG
DGBBBGGBGGBBGGBBGBBGGGBB
DBBBGGBBGGBBGGBBGGBBGGGB
BBBGGBBGBBGGBBGGBGGBBGGG
BBGGBBGGBBGGBBGGBBGGBBGa

Fig. 48a.

DnBBGnBBDGBBDnBBDDBB
GBBGBGGBGGBBGBBGBGGB
BSGGBBGGBBGGBBGGBBGa
BGGBGBEGBBGGBGGBGBBG
GBBGBGGBGGBBGBBGBGGB
GGBBGGBBGGBBGGBBGGBB
BGGBGBBGBBGGBGDBGBBG
BBGGBBGGBBGGBBGCBBGG
GGBBGGBBGGBBGGBBGGBB
GGBBGGBBGGBBGGBBGGBB
EBGGBBGGBBGGBBGGBBGD
BBGGBBGGBBGGBBGGBBGG
GGBBGGBBGGBBGGBBGGBB
GBBGBGGBGGBBGBBGBGGB
BBGGBEGGBBGGBBGGBBGa
BGGBGBBGBBGGBGGBGBBG
GBBGBGGBGGBBGBBGBGGB
GGBBGGEBGGBBGGBBGGBB
BGGBGBBGBBGGBGGBGHBa
BBGGBBGGBBGGBBGGEBGa

Fig. 48b.

many patterns which aie combined ; still, it is sufficient

to cause trouble if used in large patches. Then there are
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only two alternatives : we must use the stripes in small

quantities, so that the difference in the order of working
cannot assert itself as it would in large stripes ; or we
must have the relations of warp and weft in our cloth

such as to produce as nearly as possible a perfect cloth

in all the three orders of working at the same time. Of
course, each one will be something short of the true

structure of a cloth of the class to which it belongs, but

will not be so far removed from perfection as to be

positively faulty or imperfect to the eye. We have next

to show that from this system of combination, patterns

of a very elaborate character may be produced, either all

coming from the same simple base, or a combination of

patterns of a different character. For this purpose we
have prepared a few designs shown in Figs. 48, 48a,

and 48b.

38. Combination of Twills occupying Different

Numbers of Ends.—Although we have a wide field in

the class of patterns and combinations we have been
dealing with, yet it is only the first step, and our power
of obtaining varied patterns increases enormously as we
depart from this simple system of combinations. At the

same time, many of the patterns with which we are now
about to deal are built upon the same basis—that is, the

same principle of combination is employed.

We have already pointed out how patterns may be

readily produced by the

combination of two twills. nnnHBBBHnnHnHHnHHDHnnHBHB
-r ,^ , . . DBBBBGDBGBSDBBDHaaBBaBDD
In the examples siven in BaanaBDBBDBBnBnDBBBBnccB
-r^. r^r. , o;- * 1 BUnBDBBnBBnBDDBBBBnnnBBH
Figs. 29 to So we have naaBBnBBDHanHBBBZinnBBBBa

. ^ I ,, ,. . DBBGBBDBDDBBBBnDDBBaBaaa
Simply the combination oi BnaBCBanaBBBannaaBBanacB

^, *^ .,, , BBuBanaHaaaanaaaannanBBn
two twills, each occupymo: DBDnaBBBDaaaBBanDBnaanaa
,, ' 1

'^'^ ^ DnBaBanDDBBBBananBBGBBnB
the same number of BBBaaDnBaaBnnaDBBnBaaBDD

, , - BBaaaBBBBDnBDBBUBBUBaaBB
ends ; but m many cases j,. ^
the combination of twills

occupying different numbers of ends or picks may
be very desirable, and we shall produce large patterns,

and in many cases very elaborate ones. Take, for ex-
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ample, tlie pattern Pig. 49 ; we have the combination of

a simple four-end twill with a three-end twill, an end of

each alternately. It will be seen of this pattern that it

differs from the combination of two twills, each occupy-

ing the same number of ends, inasmuch as the two
twills in this case fall in relation to each other in all

the positions possible ; consequently, we have all the

variety in this one pattern which is obtainable, and,

what is quite as important, the pattern can be produced
in the most economical manner. As it consists of two
simple twills, one occupyinoj four : and the other three

ends, the whole pattern will require but seven healds

for its production in the loom. We must, however,

examine patterns of this description from every point of

view. It is very easy and pleasant to see the advantages

we may obtain by working in a certain manner, but we
must also, at all times, look forwhatever disadvantages may
accompany it. It has been pointed out already that every

end in a pattern should work as nearly as possible alike,

so as to prevent variation in the tension during the process

of weaving, or that some other safeguard must be re-

sorted to to counteract any varying tension. In the

pattern before us—Fig. 49—we have a combination of

two twills which interweave differently, one passing over

and under the weft at intervals of two threads, above

and below, the other over two and under one weft thread,

or vice versa. That being the case, the pattern which
interweaves most frequently, which has to bend round
the weft more than the other, will of necessity " take

up " more, or, in other words, require a greater length of

yarn to produce a given length of fabric ; therefore, if

the two threads are being given off side by side an
equal length of each, one must of necessity gradually

become tighter than the other. In this particular

pattern the difference would be very slight, perhaps not

so much as to cause any trouble to the weaver. That
would depend to some extent on the class of material

employed. If the thread be of an elastic nature—one
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which would stretch some length without breaking—it

would be quite easy to produce this pattern ; but if the

thread be of a stiff, brittle character, it would probably be

a little diiScult. Of course, there is always this to be said

of patterns combined alternately, or, as it is technically

termed, "end and end." Although there may be con-

siderable difference in the order of working of the two
patterns combined, the fact of their being alternate will

tend, in a great measure, to neutralise the difference in

the working, because that which interweaves most
loosely will exert very little power over the weft, and so

when the thread which is interweaving more intimately

begins to have a greater tension than its neighbours,

it will cause the weft to bend a little out of its course,

and so decrease the tension upon the warp thread.

In applying patterns of this character to the fabric,

all these considerations must be carefully taken into

account ; as also must one or two other matters which
will have a material eflfect upon it. We have already

shown how the elasticity or rigidity of the warp threads

may affect it ; in the same manner, if the weft be of a

very stiff material—one upon which the warp threads

cannot exert much force—the warp has no opportunity

of recovering itself by bending the weft. Again, if the

warp threads be set very closely together, it is very
difficult for the warp to act upon the weft, but the warp
will always bend round the weft. In this case, care

must be taken that the difference in the order of workmg
is as little as possible ; in fact, it ought to be accepted

as a general rule, unless there be some specific object in

view—a desire to produce some special effect—that the

working of each thread in the pattern be nearly

alike. It very frequently happens that this is the

case. For example, one half or any portion of the warp
may be desired to form the ground-work of the fabric, and
the other half may simply be used for the purpose of

ornamentation. In such cases it may be a great advantage
for the threads which form the ground-work to be as
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tight as possible, so as to throw up the ornamenting

threads prominently. But even if such is not the case,

and it is desired to keep each thread nearly equal in

tension, any inequalities in the order of working which
would affect the tension may be perfectly neutralised

in the process of weaving, by allowing the two sets of

threads to come from two separate warp beams, and
regMilating the amount to be given off exactly according

to the length required by the increased or decreased

intervals of interweaving. It requires some little

skill on the part of the weaver to accomplish this satis-

factorily, but it is not one of the most difficult tasks,

and it certainly is one which, as we shall have to show in

reference to other fabrics, must be frequently resorted to.

In the case of fabrics where difficulties might arise in

consequence of the variation in the tension of the warp
threads, we are still at liberty to apply this class of

pattern by simply inverting it, making warj) become
weft and vice ve^^sa, or, in other words, combining the

patterns pick by pick, instead of end and end alternately.

If we do this, the pattern cannot be woven on so

small a number of healds in the loom as in the other

case, and of course the relative quantities of warp and
weft must be reversed to produce a perfect fabric, but
the ornamentation will be equally effective.

39.—When Patterns produced by Combinations are

Complete.—One question

nnBDBBnBDBBnBnDDDHHHHBDn niignt prooaoiy aiise in
BDHBDHDaaDBaaDDHBaHBDann +1tp rninrl of tlip c;+nr]pTit.BBDBDBBDBaDDnBBBBanDnnBC ^^® mnia oi tne sT^ucieni}

pBgBBpBnnanBBBBBDnDDBnsS no to fViP Pirfpnt nf fliPDBBaBDnnDBBBBaDDnDBDEBDa ^^ ^^ ^"® extent oi tne
BnEnnnnBBaaannnnBGBBnBnB nat+Prn nrnrlnpprl hv fhpBDDnnEaBBBnDDnBnaHDBDBBn pattern proaucea oy tne
DnnaBBBBDnnDBnaaDBDaBDEn pnTnViinatinTi nf qnoh m'tn-BBBBBnaDQBGBBCBDBBDBnDn comoination OI suou. bim-
iSBpnnGanBBCBDHBDBDDaDa -i-ilp twilk n<a +lin<3P anmiBaDDDBDBBGBnaBDBaaaDBBB P^® twni& as tnose occu-

rig,50. pyii^o three and four

ends respectively. In all

cases of the combination of two patterns the design must
be carried out to such a point as will give both patterns

employed complete at the same moment. In the case
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before us, wlien the four-end twill is once completed the

three end twill is once and one-third complete ; when the

four-end twill is twice complete the three-end twill will

be twice and two-thirds complete; and when the four-end

twill has been three times repeated, the three-end twill

will have been four times repeated ; they will, therefore,

both be complete at the same time. Then, as the patterns

are combined end and end, twelve ends will be required

of each pattern to complete the design, or twenty-four

ends in all ; but only twelve picks will be required,

because in the warp the patterns are alternate with each

other, but in the weft they are running simultaneously

;

or if the patterns are combined pick and pick instead of

end and end, twenty-four picks and twelve ends would
be needed.

A very great variety of patterns may be produced by
this method of combinations, and, like those with which
we have previously been dealing, they are made in a

systematic manner. It will generally be found that

the best patterns, and those showing the greatest

variety of workings, are produced by the combinations

of patterns, each occupying such a number of ends that

they have no common measure. If we combine, for

instance, two occupying six and four ends respectively,

we shall have the pattern complete upon twenty-four

ends—twelve of each—and twelve picks ; or one of the

twills will have been repeated twice over, and the other

three times. In that case, the two patterns would be
placed in three positions in relation to each other only,

as shown in Fig. 50. This certainly makes a fairly effec-

tive pattern, but it does not show such great variety of

workincr. If we alter one of those twills which form
tlie base—make the six-end into seven, or the four

into five—we shall alter the whole effect. In the one
case we should require twenty-eight ends of each

pattern, or fifty-six in all, and twenty-eight picks

;

in the other we should require thirty ends of each

twill, or sixty in all, and thirty picks, and in each case
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the two twills will be placed in all tlie positions in rela-

tion to each other which are possible, as shown in Fig. 51,

40. The Combination of Eearranged or Irregular
Twills.—In the combination of twills which occupy

different numbers
of ends we may
deal with them in

the same manner
aswith thosewhich
occupy the same
number, that is,

combine them as
' simple regular

twills, or one twill

regular and the

other rearranged,

orboth rearranged.

Of course we can-

not place them in

as many positions

in. relation to each

other as we can
when they occupy
the same number
of ends, and so pro-

duce a great num-
ber of different

patterns, because

in onecombination
we have the two
patterns in all the

positions possible.

Of one thing we
must be careful

—

in combining regular with broken or rearranged twills the

result will be irregular. In fact, we may be guided by the

well-known axiom that equals added to equals produce

equals, &c., and put it into language which will suit the

GDDDBBHanaDBHBaDnnBBBannDBB
BDDBBDaBBDDBBaaBBDaBBDDBBDnB
BBnnDDBBBnDDnaaBDnnnBBBnDnnB
BBDDBBDDBBaDBBDaBBanBBDDBBaa
HBBDDnnBBBannnBBBnannBBBnaDn
DBBaaBBnaBflDDBBDGBBnaBBaaBBB
DBBBDDanBBBDnnaaBBnDDaBBffiDna
DDBBDDBBDDBBDDBBaaBBaaBBaDBB
ODBBBDaaaBBBnaaDBBBaDDDBBBaa
BDDBBDDSBDaBBDDBBaaBBDnBBDDB
DnnBBBnnDnBBHnnanBBBnnnnBBBn
BBDDBBDDBBCDBBaDBBDDBBaDBBDa
DDDDBBBDaDaBBBDDaDBBBDDDDBBB
DBBDDBBDDBBDDBBDDBBDaBBDaBBa
BDDaDBBBDDDDBflBDaDaBBBaDDDBB
DDBBDDBBDDBBDDBBaDBBDDBBDDBB
BBDnDDBBBDnDDBBBaDDDBBBDnnnB
BDDBBaDBBDDBBaaBBDDBBDDBBDDB
BBBDDGDBBBaaDDBBBDaDDBBBaDDD
BBDnBBDDBBaDBBDDBBDDBBaDBBDD
DBBBaDDDBBBDDDDBBBDDDaBBBaDD
DBBaDBflDDHBDDBBDDBBnaBBDDBBa
DDMBBaaaDBBBDDDDBBBDaDDBBBDn
DDBBDDBBDDBaaaBBDDBBDDBBDDBB
DDaaaBDDaDBaBaDaDBBBDDaDBBBD
DDBBDDBBDDBBDDBBDDBBDDBBDDB .DDDDBBBDDaDBBBDDDDBBBDaDDBBB :^BBDDBBDDBBDDBBDDBBDDBBDDBBDa ^.

BDDDDBBBaDDDBBBDaaaBBBDaDDBB ^DBBDDBBDDBBaDBBDDBBGDBBDDBBa ^BBDDnDBBBDDDDBBBnDDDBBBDDnDB
CDBBDDBBDDBBDDBBDDBBDDBBDDBB
BBBDDDDBBBDDDDBBBnDDDBB - DDDD
BDDBBDDBHnaBBDaBBDDBBDDBBaDB
DBBBDnDDaBBDaaDBBBDDaDBBBaaa
BBDa '^ BaDaaaaaaDDaaaDBBaGBaaD
oaaaBDaaDBBBDDDDBaaaaaaBBaaa
DBaaDBaDDBBDaaaDDBBaaaaDDBBa
aaDBBBDDDDaBaDaaDaaaaaDaBBaa
aaBBDDBBDDBBDDBBDDBBDDBBDaBB
DnnnBBBnDDDBBBnDnnB bddddbbb
BDDBBDDBBDDBBnDBBDDBBDDBBDDB
BDDDDBBBDnaaBSBDDaDBBBDDDDBB
B^DnBBDDBBaaBBDDBBDDBBDDBBDa
BBDnnnBBBannnBBBDnnDBBBDDDnB
DBBDDBBDDBBaDBBDDBBDaBBDDBBG
BBBDDDaBBBaaDDBBBaDaDBBBDDaa
DDBBDDBBDDBBDDBBDDBBDDBBDDBB
DBBBnnDnBBBDDnDBHBaDnnHBBDDn
BDDBBDDBBDDBBnDBBDDBBDDBBDDB
ODBBBDDDDBBBDDDDBBBDDDDBBBDD
BBDDBBDDBBDDBBDDBBDDBBGDBBDD
DDDBBBDDDDBBaDDDDBBBDDDDBBBD
DBBDDBBGDBBDDBBDDBaDDSBaDBaa
DDDDBaaDDDDHBBDDDDBaHDDnDBBB
DDBBDDBaaDBBDDBBDDBBDGBaDDaa
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case, and say regular twills combined will produce regular

patterns, regular combined with irregular will produce ir-

regular patterns, and irregularcombinedwith irregular will

produce regular patterns. These axioms must be carefully

borne in mind, because a very great proportion of the

patterns produced by the combination of regular with
irregular twills are such that they could not properly be
called patterns, but some few may be sufficiently regular

to be worth while using and calling patterns. Take, for

example, the patterns in Figs. 52 and 53 ; in each case

SDDDHBBH DDDnBBBBaanaBnaBnEnBBnBnnBDBaaB
DeBBDBBDDDBBDBBBDnaDDBBBDaBnaaBBDBBEDnB

BBBBBaDDDBEBBaBDDBDBBaBaBBDBDaBDBaBBanaa
BBBDDBDDBaBDBBDnaBBaBBBDDBDDBBflnBBDDaBBD
BDDaaBaBBDBnDBDBBDBnaBDBDDBaBBBBnaaaBBBB
DDDaanaBBDaBDaBBanaaDaDBBDBBBnDBDDEBi^aBB
DBBBBaBDDBDBBaaDBBDBDDBnBBBBDaDDBBBBBDDa
aBBDBBaaDBBaBBBDGBDDBaBGBanaDBBDBBSDaBDa
aDBDDBDBaDanaaDBDnBDBEBBnDDaBaBBBDnDaaBB
aaDaDnBBBnBaaDDBBDBBBDDBnDaBBaBBDDDBBDBB
DBaaaDaDBanaDaBaaaBBDDnuBaBBaaaDDaaaaaaD
DBBnBBaaDanaBaBDBBDGDBauBBagDDBaaBaanaaaa
BaaaaBDBDDBDBBBBaDaDBBBaBDnDDBBBBaBnaBnB
BDBBDaDaaDBBBDDaaaBBBnaBaaDBBDaBBaaaDDBfl
BBDBnaBDBBBaDaDDaBBBanaDaBBBBaBnDBDBBDaa
OBDDBBBDBBDDDSBDBBBaDBaDBBBDBBaDDBBDBBBD
DaBDBBBBDDDDBBBBBaDDDBBHBDBDDsaBBDBDBBDB
BDBBBanBaaBBBaBBDaaBBnBBBaDBDDBBBDBBDDDB
BBBBaaaaBBBBBDDDnBBBBaBnaBDBaDBDBBDBaDBD
BBDDaaaDBBBaDBDaBBBaBBaDaBHDBaBDDBaaBBBa

Fig. 52.

-DDDDnDina "^® ^

laDBBDDDBDBa with irregular,^ the basis of the

a h combination being shown at a and
b in each. In the one it will be

seen that the four-end twill is rearranged, or in broken
order, and in the other the five-end twill is in the re-

arranged order. Now, in both patterns, more especially

in Fig. 52, there is some show of reason for the result

being regular. Although the twill is rearranged, and
the pattern resulting is not wdiat is commonly known
as a regular twill, yet there is a great amount of
regularity about it. It runs continuously in the same
direction, although the angle is not one of forty-five

degrees, as in the four-end twill which accompanies
it; yet the fact of the rearrangement being a regular

nDBBBDnnnnan
SiinnnnnnSni "^G have a Combination of regular



64 DESIGN IN TEXTILE FABRICS. [Chai.. FV

one and. giving a continuous twill, will cause it, when
oombined with another regular twill, to produce a
regular eflfect. But although the effect has Jie ap-

pearance of regularity, it is not the character of regu-

larity which is to be found in the patterns resulting

from the combination of regular twills, but rather what
might, perhaps, be termed regularly irregular; yet the

pattern is a pleasing one, and is of a style which might
with advantage be employed in a great many fabrics.

This illustration will serve as a guide as to what will

DnsnHaDHSanDSSBBDDBnnHnHBDDaBSDBHnBDDBBB
DDHBnBBaHDDBBBDDHDHaDBHaDDSBBHaaBaaHHHBa
BEBBDaBaDBBBBDDDBBnBBaBDDBBBDDBDBBaBBnna
BBDDBDBBDBBDDnBBBBaaBaDBBBBDaDBBDBBDBDaB
DDDBBaBBDBaaBBBDaBaBBDBBDDDBBBBDaBaDBBB
DDBBBBaaBaDBBBBaDaBSnBBDBnDBBBDDBaBBaBBa
DBBBGDBDBBDBaDaDBBBBDaBanBBBBaaDBBaEBDBD
BBBaDDBBGBBDBDDBBBDDBDBaaBBDDDBBBBaDBaaB
BDDnBBBBnDBDDBBBBnDDBBaBBaBDDBBBaaBDBBaB
BDDBBBDaBDBBDaBaaDBBBBaDBaDBBBBDDaflBaBBa
DBBBBDnDBBnBBDBDDBBBDDBaBBaBBaDaBBBBaaBa
DBBDaaBBBBnDBDaBBBBnaDBBDBBaBnDBBBaDBDBB
BDBDDBBBDDBaBBaBBnDDBBBBDaBDDBBBBaaaBBDB
BDaBBBanaDBaaBBDBDnBBBDDBaBBDBBDDnBBBBaD
BaaBaDaDBaBaaDBaDBaBBDaaaaaaBaBaaBBBaDBD
DBBDBDaaBBDDBaaaaaanDaBBBBnaBDaBBBBDaDBB
DaBaDBBBBDaaBBDBBaBnDBBBaaBaBBaBBaDaaBBB
BDaBDaaDaDBBBBDDBDnaBBBDaaaBaaBaBaaBBaaa
BDaanBDDBaBaaanBaDaaaDDBBBBaDBaDBBaaDaa
BaaBaGBBBBaaaBBaBBaflDaBBBaaBaBBDBBaDaflB

iFig. 53.

CBBDannnnnna , , ,, .,,.OBnaBaDDDDBB produce good patterns. Although
BDBannqDBapD we say that the combmation of

^ ^ regular with iri'egular will produce
irregular patterns, yet, when the

irregularity of the pattern which is to form one of the
bases is of the character shown here, the resulting

pattern will, in all probability, be a satisfactory one;
but it is not generally desirable to resort to such com-
binations, unless the intention is to produce some special

effect resembling a figure, as these combiuations usually do
41. Elongated Twills.—We have not yet done with

the arrangement of patterns which assume a twill

form, or which have a twill for their base. We may
vary them still further than we have done in an
infinite degree, but there are one or two special modes
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of arranging them wliich it will be necessary to deal

with here. It was pointed out in an earlier chapter

that twills often run across the fabric at an angle

of more or less than forty-five degrees—that is, they

may be nearly vertical, or nearly horizontal ; and in

many cases such twills may be most readily produced by
the combination of two or more
twills "end and end," or "pick
and pick," as the circumstances

of the case may require. Al-

though that is a ready mode of

producing such patterns, yet

very frequently when we desire

to procure some special eflfect we
may more readily obtain it by
the simple process of elongation.

We may take any ordinary twill

for the base of our pattern, and
draw it out or elongate it to any
extent by simply making any
number of ends or picks alike,

as in Fig. 54 ; then we may alter the pattern so as to

prevent a number of picks being alike, as it is in this

pattern, by introducing some order of working twill or

otherwise between the main twill, as in Fig. 55, when a

small twill is run between the main twills, and in the

contrary direction.

This not only prevents more than one pick being ex-

actly alike, but gives variety also to the pattern. The
small twill may, of course, be varied, as well as the

main twill, and it may be made to actually join,

or finish quite clear of, the main twill ; though it is

generally best not to let the two come in actual con-

tact. Thus the pattern will be more decided and clear.

In many cases figures or spots may be substituted for the

small twill, or even introduced along with it, and so give

again greater variety and character.

Twills or patterns of this description are, after all,

nannnDDH
DBnannna
GEnnnnna
Hnnnnnan
annnnaED
annnnnHD
nnnnnana
Dnnnnana
DDnDDana
nnnnanan
DDDDanan
nnnnanan
nnnanann
nnnanann
nnnanann
nnanannn
nnanannn
nnanannn
nanannnn
nanannnn
nanannnn
anannnnn
anannnnn
anannnnn

Fig. 54.

nanannna
nannanna
nannnana
anannnan
annannan
.annnsnan
nannnana
nnannana
nnnanana
annnanan
nannanan
nnananan
nnnanana
annanann
nananann
nnananan
nnananna
ananannn
nananann
nanannan
nanannna
ananannn
anannann
anannnan

Fig. 55.
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only combinations of simple twills. If the picks in

succession be examined, tliej will be found to consist of a

series which, if separated from each other, and if all those

which work in the same order be put together, would
form a twill of themselves, so that the whole would be

the result of the combination of two, three, four, or

more simple twills. The same result might, of course,

have been obtained hy the simple process of combination.

But what would be the advantage or disadvantage of

either mode of working 1 In the first place, when we
proceed upon the system of combinations, if we desire

to produce some special effect, we must use great care

and judgment, and be thoroughly familiar with every

possible form of twill, and their effects when combined

with each other, or we could never be certain what w-ould

follow from a combination of any two or more patterns

together ; in fact, our patterns would be more the result

of chance than design. By the system of elongation we
aim at once at a given effect ; we take the surest

means of attaining the object we have in view, and

consequently lose little time in experiments, and leave

nothing to chance. It is certainly desirable to have

easy methods of working to obtain a variety of patterns,

but it is quite as desirable to be able to obtain whatever

result we want at once by design, and leave nothing to

accident. We must study all the short methods of

economising time and labour, but we must, as far as

we can, be sure that the results are those for which

we are seeking, otherwise it will be better for us to

study the doctrine of chances instead of the principles

of design.

42. Figured Twills.—In many cases we may desire to

produce patterns having a figure running between the twill

without having the pattern elongated, or without having

recourse to the system of combinations. A definite re-

sult is aimed at at once ; it is desired to produce a given

effect without leaving anything to chance ; we desire,

say, to produce a pattern of the character of that shown
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in Fig. 56. In this we have a decided figure running

between the twill, and the angle of the twill is one
of forty-five degrees. If we were to analyse this to

find of what it consists, it may be said to be the result of

the combination of portions of four distinct twills, but
to attempt to produce the pattern by the system of com-
binations would probably be an absurdity; that is, to

produce it as an original design. We might obtain what
we are seeking, but again we are trusting to chance.

If we wish to produce figured twills, we must proceed

in a manner which will ensure what we are trying to

produce. We must determine beforehand the character

and proportions of the twill. We must determine
also the character of the figure, and combine the

two as the combination of twill and figure, not as a

number of twills. Our readiest mode of working
is, first to put down the twill upon paper, after we have
determined its size and character, then to introduce the

figure between, and continue or repeat the figure until

complete. Of course the production of patterns of this

class is dependent entirely upon the inventive faculties of

the designer, and his ingenuity in combining two difierent

orders of working so as to produce a harmonious whole,

but there are certain rules which may assist him, and in

some instances guide him. It is

generally understood that variety gggggggglSRggSBn
in a design, if properly treated, gglHHglBHBSSISHS
may conduce to beauty. In designs ggggBSDnglSgnggg
for textile fabrics it is desii^able in HSBBDngllgngggSa
many cases not only to make the BBangBBgngggggg"
pattern continuous, but such that HnSBBgngggBnaBBB
any repetitions of it shall not be gBBgngggggggSBna
too apparent to the eye. For BgSSSgBggHBBBBgB
instance, in making such patterns Fig. 56.

as figured twills, we should not ar-

range the figures in such a manner that they appear to

run in straight lines, either longitudinally or transversely,

in the fabric, or, to use the technical phrase, "their repeti-
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tion either in the warp or weft must not be in lines

or rows." There must appear an equal and regular

distribution ; there must be nothing which will be too

striking or attract too much attention to itself to the

cost of the rest of the composition. In the pattern

before us—Fig. 56—there is not much to fear on this

score ; it is so small, and repeated at so short intervals,

that no such difficulty could arise, but in the case of large

patterns it might, and even sometimes in the case of

comparatively small patterns also. In such case we may
resort to the plan shown in Fig. 57, where the figure is

a series of steps. Now, if these steps all formed in the

same horizontal or vertical line, the appearance of the

pattern would certainly be unpleasant ; it would simply

present a series of lines straight across, or running the

length of the piece, broken at regular intervals by

the diagonal line ; but as it is, the lines are broken by
the relation of the steps to each other, and we have con-

sequently a more harmonious diagonal. The steps in

the figure do not fall either immedi-

nanilnnnSISSIn ^^^^7 under or alongside each other,

SlB§Sa&lD»Dal consequently there is nothing to

SnnnSBnSSnnBnS l^^^ak the diagonal line. We have

HSBnSBnnSKSI only given variety to it by the intro-

SSnSBnBnnBSnHS Auction of the waved line. The

"SBnnBBBBBBnSB diagonal is the principal feature of

BnDDnBBnnHSBnS ^1^© design, the figure is merely an

DBBBBSBHeBDHa accessory, and each plays its own

nBBnDDBBDBBDDa ^i-^P^'- p<^l l^-

BBBdbBdbBddBBB Then we must arrange such figures

GnBBDBBnnnHBBn ^o that they cannot form lines, and

BBaBBDaBSBBBSn ^^ ^^ have said, this is more espe

SBnnnnBBnnDSB cially necessary when dealing with

GDBBDBBnnnn
DBBDBBDBBBB
BBDBBDDBBBB
BnBBnDDBBnn
OBBDnDDBBDnDHa
BnaBBBSBBBSBSB large figures, because they stand out

Fig. 57. more prominently, and strike the eye

more readily, and therefore any little

defect or want of harmony is more apparent. But the

question naturally arises, how can we ensure this 1 We
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must, as we have said before, leave nothing to chance.

The most simple and ready manner of doing this is to

make the figure occupy a number of ends or picks which
will not be a measure of the number occupied by the

diagonal. In Fig. 57 the number occupied by the

diagonal is fourteen, the number occupied by the figure

is four ; therefore at each repetition of the twill we
do not have a repetition of the figure, but only at every
alternate repetition. The variety would even be greater

if the figure occupied a number which has no common
measure with that of the diagonal, as, for example, the

diagonal occupying fourteen, and the figure five ends.

The repetition would not be so frequent ; that is, the

point where the twill and figure meet at the same
moment would not occur so often, and consequently

there would be less risk of the figure detracting from the

diagonal, or breaking the line.

43. When Figured Twills are Complete. —We
have only one matter now to look at in connection with
this system of combining twill or diagonal patterns and
figures—namely, the determining the point where the

pattern is complete ; and the principle which we applied

to the combination of twills occupying difierent numbers
of ends will also apply here—that is, carrying them
forward to a number of which that occupied by the

diagonal and the figure shall be a measure. Thus,
in Fig. 57 the twill occupies fourteen ends and the
figure, counted diagonally, occupies four ; then the
number of which fourteen and four are both a mea-
sure is twenty-eight, so that the pattern will require

fourteen ends and tvrenty-eight picks, or vice versa,

to complete it ; had the figure occupied five ends and the
diagonal still remained upon fourteen, then the number
of picks required to complete the pattern would have
been seventy, because that is the first number of which
each is a measure.

44. Combination of Different Orders of Working
in Stripe Form.—We have now cue other sjstem of
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combining twills or other working for tlie purpose of

producing patterns to consider, and in this, although
the mere placing of the patterns together upon paper is

much the same as some of those we have already con-

sidered, yet the conditions or characters of the combinations
may be such as to completely alter the structure of the
fabric and to require special consideration of the relative

quantities of warp and weft in each portion of the cloth.

We will, in the first place, deal with the subject in

the mo&t simple manner, by combining two patterns

of the plainest character. It often happens that we
desire to produce a striped effect upon a fabric having a
plain ground, and we desire to make this stripe stand

out as plainly and prominently as possible, whether the

stripe be of the same colour as the ground or of a
different colour. Or it may even be that the material com-
posing the stripe is different from that of the ground,
and the order of working also different. We will take,

for example. Fig. 58, and suppose in the first place that

we are using one colour only, and one material only,

so that we may see more directly the effect upon the

fabric of the different orders of interweaving. In the

first place, we have a number of ends weaving quite

plain, or interlacing with each other alternately. We
have then a number of ends weaving in the order of

a twill, or interlacing with each other at intervals of

four. ISTow, it must be obvious that if all the warp
threads of which the cloth is to be composed are of

the same thickness, are set equally close together, and
come from the same warp beam, so that the same length

of each be given off as the fabric is formed, the portion

which is weaving plain cloth, being more intimately

woven with the weft, will " take up," or become much
tighter than the portion which is forming twill. In
addition to that, the texture of the fabric in the plain

portion will be much firmer than that of the twill portion.

It is a generally accepted rule that all portions of a piece

of fabric should be as nearly as possible equal in firm-
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ness of texture, and also that the portion which forms

the ornamental part should certainly not be inferior to

the ground or body of the fabric. Then we must resort

to one of two expedients—either we must use thicker

warp, or there must be a greater number of ends in

the twill portion than in the other. If we use thicker

warp simj)ly, we increase the bulk of the fabric very

much, and greatly increased bulk is objectionable.

On the other hand, if we increase the number of ends

simply, employing the same thickness of warp as for the

ground, we again obtain increased bulk, though cer-

tainly not in the same degree as in the previous case

;

that is, if we bring the threads of the same weight as the

ground warp sufficiently close together to make the twill

portion as firm in texture as the plain, we shall not have
so much weight as if we keep the number of threads

in a given space, as in the ground, and increase the

thickness of the threads to a sufficient extent to obtain

the requisite firmness of texture, because the weight of

threads does not vary in the direct ratio of their diameters,

but as the squares of their diameters. This being the case,

it is clearly better not to increase the weight of the

threads employed in forming the stripe, but to increase

the number of threads in a given space ; because we not

only keep nearer the weight of the ground fabric, but we
increase the firmness of the stripe, and so improve the

appearance. Indeed, we may go a stej) further, and
instead of usinsf the same thickness of thread for the

stripe as for the ground of the fabric, use a much thinner

thread, and increase the number again proportionately,

and we shall not only be bringing the relative weight
of stripe and ground nearer together, but we shall be
bringing the relative firmness of structure nearer the

same level, and at the same time improving the appear-

ance of the fabric in a great degree ; for in many cases,

especially where only one colour is employed, the fine

appearance of the stripe is the chief thing relied upon
for the ornamentation. Well, suppose we don't resort
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to these expedients, we must see what will be the

general effect of the fabric. In the first place, as we
have already pointed out, the stripe portion will be less

firmly interwoven than the ground ; it will consequently

have a ragged, thin, and meagre appearance, and

from this very thinness and looseness it will be liable

to "fray," or the threads will slip upon each other,

instead of being held firmly in their places. Again, it

will probably present an unsatisfactory appearance

from wliat is termed " cockling," or, in other words,

one portion of the fabric will appear nice and straight,

while another, the stripe portion, will be uneven and

appear as a series of ridges and hollows.

Such a state of affairs could not of course be satis-

factory, therefore in all such cases we must take care

that the ground and stripe are properly proportioned to

each other, and the relative quantities of warp and the

thickness of the warp in such portion properly propor-

tioned to the order of interweaving.

In the example (Fig. 58) we have taken the stripe

as a simple twill, but very frequently the stripe is a

satin, or it may be any
DBnBnBnBnBnnnBnnnBnnnB order of workino- whichBDBnHnHaBnHDDaBanDBaDDBa oiuei ui wuijiiug wmou
DHnHaHnBnHaaDBDDDBDaDBaa will sp-narate it «5uffioientlvHaBDHDHaBaBaBaaaBDDaBDDa ^^^^ bepdi aue it bumoienuy

Fig, 58. from the ground, and
show it up with enough

prominence. It may also be not only of a different

colour, but also of a different material. It is no un-

common occurrence to see the ground of the fabric

formed with cotton warp and the stripe portion silk.

In any case the true relations must be maintained

between the stripe and the ground, and either the

difference in the thickness, or the number of ends in

a given space, or both, must be properly regulated to

the order of interweaving, so as to secure the most
perfectly balanced fabric.

In many fabrics the ground will show a pre-

dominance of weft on the surface, while the stripe shows
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a predominance of warp. Here the relative quantities

will require even more careful attention, though perhaps

in some few instances the predominance of weft in one

case will, to some extent, neutralise the predominance of

warp in the other. But we have already pointed out

that, in general, when the weft or the warp predominates

on the surface in the order of interweaving, it should

also do so in the actual number of threads employed in

a given distance. In any case it is necessary that great

care should be taken to make the fabric as perfect as

possible.

CHAPTER V.

DOUBLE CLOTHS.

45. The Value of a Knowledge of Double Cloths.

—

Whilst considering the structure of fabrics, combined
with their ornamentation, and before entering upon the

question of ornament purely, there is one class with
which we must deal—namely, double cloths. This com-
prises a great many of the most useful fabrics made,
and enables us to produce not only an useful article,

but gives us great powers of ornamentation. Another
feature of much importance in double cloth is that

a thorough knowledge of fabrics of this structure is

perhaps the best guide to the production of fabrics

of a purely ornamental character. In fact, any
one who has a complete mastery of the principles of

the weaving of double cloths, and the methods of orna-

menting with them, need not despair for a moment of

being able readily to deal with fabrics of any description.

For he must not only be able to ornament his fabric,

but he must be able to follow in detail every separate

thread, or set of threads, and deal with each, and
apply it to the purpose for which it is intended, with
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a due regard to "botli the structure of the fabric of

which this set of threads is composed and also to the

order of working of the fabric and threads which may
accompany it.

46. We may inquire, in the first place, What is the

object of making double cloths ? Generally sj^eaking, we
may be said to have one of two objects in view, or

perhaps the two may sometimes be combined. First, we
may make double cloths for the purpose of producing a
fabric of great bulk and strength, and with great power
of retaining warmth as an article of clothing ; second, we
may make double cloth for the sole purpose of producing
an ornamental fabric ; or we may combine the two by
producing an article both useful and ornamental. In
discussing this portion of the subject we must be
careful to omit no detail which is likely to have a

bearing upon future work; and the student must be
equally careful to be thoroughly master of it before

he leaves it, otherwise he may find that some of the

fabrics with which he may have to deal appear quite

foreign to him, based upon a principle of which he has
no knowledge, whereas they may have their first basis or

ground-work in double cloths, perhaps of the most simple

kind. It will not be necessary here to enter too

fully into the mere arrangement of the design upon
paper, as that has already been done in the " Practical

Treatise on Weaving and Designing," already re-

ferred to; but we must deal more especially with
the structure of the cloth, and the methods of orna-

menting it.

47. Cloths with two Wefts and one Warp.—In the

first place let us consider what are commonly known
as double cloths, which are made for the purpose solely

of producing a heavy fabric, chiefly with a view to

making a warm, useful article of clothing, and then show
the application of the same mode of working for pro-

ducing an ornamental as well as an useful article.

This class of what are called double cloths, is double
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only in one sense—namely, there are two separate

wefts, one for the formation of the wearing surface,

and the other for forming the back, or, as it is some-

times and very properly called, the " lining " of the

cloth, and there is only one warp. Generally speaking,

the pattern on the face of the fabric is a fancy one,

and that on the back of as plain a character as the

structure of the cloth will permit ; but sometimes, more
especially when the article is intended to be reversible,

both patterns are alike. In the latter case the most
general practice is to make both patterns of a plain

character, a simple twill or plain satin, the chief object

being to cover the warp as effectively as possible, and at

the same time to prevent tlie weft of the opposite side,

which is frequently of a different colour, from showing
through. We will first deal with the class where the

back cloth or back weft is used merely to add to

the weight, strength, or wearing qualities of the fabric,

regardless of pattern. In such cases we should deal

with the face fabric as regards pattern, proportion

of weft to warp, and other conditions, just as if we
were dealing with a single cloth. In fact, the con-

ditions of structure must be just as if there were no
probability of a back being put upon it. We must
consider the back as a " lining " only. We must
prevent it interfering with the face, either as regards

the formation of the pattern or as affecting the relative

quantities of warp and weft. The back must be merely
an addition, introduced independently of the face, with a

view to make the fabric serve -the purpose for which it

is intended more thoroughly, and must be interwoven
with the warp so as substantially to form a part of the

fabric, but must not, unless for some special reason such

as we may have to point out, in any way interfere with
the working of the face pattern.

We will take for our first illustration one of the

plainest patterns possible, so as to show clearly what
is meant by this system of making double cloths or
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nnnnannn
BDDBBDDH
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Fig. 59.

BnDBBDnB
DDBBDDBB
DBBDDBBn
BBDDBBDa
BDDBBDDB
DDBBDDBB
DBBDDBBD
BBOaBBDD

a

DDDDBDDn
DDDDDDDB
DDBDDDDD
DDDDDBDD
BDDDDDDD
DDDBDDDD
DDDDDDBD
DBaDDDDD

lining tliera. Fig. 59 is the working design for a
plain twill cloth face and a back of weft upon it, such

as is commonly used for cloths for gentlemen's coat-

ings. The separate designs for face and back respec-

tively are shown at a and h. In designing fabrics of

this kind these are the two chief

objects—namely, the proper re-

lation of the back to the face

pattern, and the proper relation

of the warp and weft which
forms the face. Let us examine
this pattern for the purpose of

showing how we may best deal

with these considerations. First,

with regard to the relation of

the two patterns to either. An
examination of the pattern in

Fig. 59 shows that it is simply

a combination of the two patterns a and b, but that

combination is made in a particular manner ; in

fact, the two patterns are specially arranged to suit

each other. We are not proceeding upon the same lines

of combination as we did when we were combininar

merely to produce new patterns for ornamentation,

but we are proceeding to combine with a specific

object in view. It will be observed in the design that

at the point where the back weft passes over a warp
thread the same thread is also passed over by the face

pick of weft which goes before as well as by that which
follows the back pick ; or, in other words, we have first

arranged our face pattern, then introduced the weft
which is to form the back or " lining," and interwoven
that back weft into the warp at a point where it is on
the under side of the fabric. By this means the weft
forming the back is effectively prevented from coming to

the surface of the fabric ; the face picks will close over

it, and continue to form their own pattern as if the back
had no existence. Thus we have here the first principle
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of making designs for double cloths ; and, although we
are speaking of one class of double cloth only, that one

feature belongs to all classes. We have now to con-

sider more in detail the arrangement of the design. It

may be said that, so long as the face pattern is jDerfect

—

a regular continuous twill, or a complete pattern of

any description—it matters little as to the order of

binding the back weft provided it does not interfere

with the face ; but in this, as in the arrangement of all

designs, we must have regularity and definite order, and
the order of binding the back must be arranged to suit

the face pattern, so that it will always fall in the proper

place. Sometimes it may be that the pattern on the

back is a twill, or it may be a satin or other broken
order. In the case before us we have the back pattern

arranged in satin order simply as a matter of necessity,

so that it shall fall always in the same position in re-

lation to the face twill, and also so that the binding

falls equally in each twill and upon every end of the

pattern. It will be noticed that there is one j)ick of

the face weft to one of the back weft j the face pattern

is a four-end twill, the weft passing over two and under
two ends alternately ; the back pattern passes over one
and under seven ends. The twill of the face advances

one end to the right at each pick, and the back pattern

advances three ends to the left or five to the right at

each pick. The face twill having advanced one to the

right, and being twice repeated in the whole pattern,

may be said to have brought the point in the face twill

corresponding to that when the first backing pick is

bound, to a position three ends to the left or five ends

to the right from that binding point ; consequently, if

we advance three in one direction or five in the other

with our binding of the back, we shall place each back-

ing pick in the same position in relation to the face, and, as

three is not a measure of eight, the result will be a perfect

distribution of the binding points ; each end will be
occupied. We have, thei'efore, a perfect pattern on the
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back. Each of the face twills has an equal number of

binding points, and those points always fall in the same
relation to the face twills, and we have as perfect an
arrangement of double cloth as it is possible to obtain.

We will examine another arrangement of the same face

twill with a back upon it, and then we shall be able to

see more readily the defects which may occur. Take
the pattern in Fig. 60. Here we have the same face

pattern, but we have two picks of the face to one of

the back. The pattern has, therefore, advanced two
ends from the position of the first binding of the back
before we come at the proper place for the binding of

the next back pick, and, as two is a number v/hich is a

measure of eight, we cannot resort to the satin arrange-

ment of the back pattern. We must, of course, keep
the binding in the proper position in relation

BDDBinnH *^ ^^^ ^^^® pattern ; we must also distribute

Hnnnnnin ^^® binding equally over all the twills

;

nnHSDD therefore the arrangement shown at Fig. 60

HHSSBdh ^^ *^® ^^7 possible one. On the paper this

DnSaDnnn -^^^ ^^^ ^^^ appearance of being perfect, and,

BDnSinn perhaps, in some qualities of cloth would be

SHHSSHdh ^^^5 ^^^* ^^ ^^ ^^* ^^^ ^^^^ could be desired,

DnnDDnin ^^^ ^^ other fabrics may be very imperfect.

nnSSnn -^^ ^^^^ ^® noticed that, in consequence of

DnSSHSS ^^® order of arrangement of the back pat-

DDinnnDn tem? only every alternate end of the warp

DDSaDD ^^ occupied by it ; and again, there is a

Fig. 60. decided twill formed by the back weft run*

ning in a direction contrary to the face twill.

If the weft used for the back happened to be very thick,

more especially if at the same time that of the face was
fine, not only would this counter twill be distinctly

visible, but the ends passed over by the back weft would
tend to work much more tightly than the others, and so

produce a fabric of a most imperfect kind ; in fact, it

would be a quite unsaleable article, and the nature of

the defect is such that it could not be remedied.
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Again, in Fig. 61 we have the same face pattern, but

the back is different. In this case we have the same
defect of the binding only occupying every alternate

end, and the twill of the back running counter to the

face, or rather the appearance of a twill—it is not in

reality a twill ; but as the binding and this

apparent twill are so much more frequent, HnSSiBBS
there would probably be less of the defect nnlnnnSS
visible on the face. There is, however, yiSHSign
another matter to consider here—namely, IBnaBnaS
that the binding of the back into the warp HniDnnSa
occurring at every fourth end, instead of at HinnHSna
every eighth, as in Fig. 60, it might in some IBnaSaHS
degree prevent the face weft going in so nnSSnnS"
closely, and thus prevent the face from being SlDnSiSa
made quite so fine in texture. In the fabrics HDnSSnaS
with which we are now dealing the general nainnniS
practice is to make the back weft of very SlnaSiaB
much coarser and heavier material than the -pig. 61.

face, the chief object being to increase weight,

and to make the fabric more useful as a warm article

of clothing, and at the same time to make it as cheaply

as possible. It is therefore evident that great care

must be taken to prevent the undue interference of

the back with the face cloth, because we must make
the face extremely fine, and free from faults or

blemishes.

48. Pattern formed by Binding.—In some few
instances the back weft is purposely brought through

into the face to assist in the formation of patterns, or

perhaps it would be more correct to say to form a j^attern

in addition to that made by the face weft. For instance,

by bringing the back weft through to the face at

regular intervals, and constantly upon the same end
or ends, a stripe would be produced, and if to this were
added one of the picks coming through in like manner
all across the piece a check design would be obtained.

Any pattern may be formed by bringing the back weft
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through at such points as may be required for its

formation.

49. Reversible Cloths.—Another most valuable use

to which this class of double cloths is largely applied

is the production of reversible fabrics, which may
be worn on either side at will—such as shawls, rugs,

a great many mantle and other cloths. Usually in

fabrics of this description, the pattern upon both sides is

the same, but the colours are different. Fig. 62 shows a

plan of a fabric of this kind which is simply a com-

bination of two satins, one showing a greater pro-

portion of weft than of warp to the surface, and the

other the same quantity to the back. In this it must
be observed that the same principle of arrangement is

carried out as in Fig. 60—namely the point where the

back pick interweaves with the warp is covered on the

face both by the preceding and the succeeding picks,

so that there is no possible chance of its showing

through to the face ; and, in the same manner, the point

where the face weft interweaves is hid at the back by
the back weft, so that both sides shall be equally

nnnSn perfect. In this class of pattern we have to

giggg consider both sides of the cloth, unlike that in

nan! which the back is simply a " lining," and the

dSbd"- ^^^ ^^^^ differ in this respect—that whereas

DDDD reversible fabrics must have both sides equal in

Fig. 62. quality or degree of fineness, and generally in

texture or pattern also, those which are simply

backed to give weight may have the back any degree

of fineness or coarseness, and the pattern may be any-

thing which will not interfere with the face.

The colours of the weft used may be different for

each side, or one side may be all of one colour and the

other side any fancy stripe pattern. Generally the chief

object in fabrics of this description is to make each side

as different as possible from the other, whether they be

both solid colours, or one side solid and the other striped,

or both striped, and to ensure this distinction there must
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be absolute certainty that the weft of one side cannot

possibly show through to the other, and that the warp

—

which may be of an indifferent colour—cannot be seen

on either side. If the pattern be a twill, we may pre-

vent the wefts from showing through to the opposite sides,

but we cannot prevent the warp from showing, because,

the order of interweaving being consecutive, each suc-

ceeding warp thread is, as it were, laid bare, and must be

visible on the surface of the fabric.

Then to cover this the usual practice is to make the

pattern a satin, so that by the order of interweaving

being arranged at intervals, each succeeding pick has an
opportunity of covering the binding of the preceding pick,

and so securing a perfectly solid surface, and avoiding

the possibility of the warp showing through. Of course

in such cases there can be no pattern visible, except

that formed by the varying colours of weft ; there is

no pattern in the fabric formed by the interweaving of

the warp and weft threads.

50. Figured Reversible Cloths.—Although so far

we have dealt only with reversible cloths in which we
are dependent entirely upon the use of colour for orna-

menting, we have other means still at our disposal for

producing ornamentation upon them. It has been shown
that we may have a fancy pattern on one side of

the cloth, and a plain or simple twill on the other,

and also that in fabrics where the working or order of

interweaving the warp and weft is the same on both

sides, it may be reversible for wear, and each side

may be of a different colour or colours. We have
now to deal with the ornamentation of this ]atter class

by figuring. This mode of figuring differs somewhat
from all other systems, though to a certain extent it

resembles in style one or two methods with which
we shall have to deal. We have already pointed out that

in making reversible cloths we use two distinct wefts,

one for each side of the fabric. In making figured re»7er-

sible cloths exactly the same principles are invclved, only

G
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instead of letting each weft remain always on the same
side they are made to exchange places. Fig. 63 shows a

section. The dots represent the warp threads just as we

a h

Fig. 63.

should see them if we were to cut the cloth and look at

it as it has been cut, and the waved lines represent

the weft, and show the order of interweaving with

the warp. This section shows each weft forming a four-

end tAvill pattern with the warp, but at the points a and
b respectively the weft which has been on the face of the

fabric passes to the back, and that which has been on the

back comes to the face. This would be repeated at each

succeeding pick, and the points where the two wefts

exchange places would alter according to the pattern to

be formed. So that, assuming the

two wefts to be black and white,

we should have on one side of the

cloth a white ground with black

figures, and upon the other side a

black ground with white figures.

Of course the size, form, and order

of distribution of the figures would
be the same upon each side, being

formed as they are simply by the

two wefts exchanging places. In
Fig. 64 we have a plan of a pattern

nDDBnnaHauaHBnn
DBBaDanDGHaDDH
DDDBDDBBaaaaBDDS
BaaaaDBnnDaaDDBB
DnaaaBBBaaaanaBa
DaaaaaDDDaDDDaaa
DaaaaaaDaaaaDaDD
BBBnaDDnaDnaaaaD
BaaaaaaBBBDDBana
BBDBCOaBnnaBBBDB
DaBBBaBBBDDBDaDB
BDBDaaBDaaBBBDBB
DBBBDBBBnDBnaDBa
DBDDDBaDDBBBDBBB
BBBDBBBaDBaDDBan
BDDDBDaaBBBDBBBn
BBaBBBDnBDaaBDDB
DaaBaDaBBBDBBBnB
BDBBBaaBDaDBDnBB
DaBDnDBBBDBBBaBD
DBBBDDBDDnBDDBBB
DBDDDBBBaBBaDBaD
BBBanBanaBDDBBBD
BaanBaaaaBBnanaa
BBaaaaaaBDaBBanB
DDnaaanBaanBDaaB
BDaaaaaBnaaaanaa
DDaaaaBBaaaDDnaD
DaaaaaaDDBBBaaaB
DBaaDBBBaaaDDaaa
DaaaDaaaBBBaBaaa
BaflaaaaaBDaDaaaa

showing this order of working, and
forming a diagonal of black and
white alternately. If each pick of

w^eft be examined, it will be seen

that for a given distance each

comes to the surface of the fabric

and then passes to the back, and
the next succeeding pick works exactly the reverse,

Fig. 64.
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Fisr. 65.

the point of exchanging places altering at each succeed-

ing face pick in such a manner as to form the desired

pattern.

This system of figuring may be carried to any length.

There is practically ,

no limit to the

variety of patterns

we may produce.

They may be large

or small, simple or

elaborate, at will,

and the fabric will

always be such as

can be worn on
either side. It may,
perhaps, be as well

to guard the student against one possible misconstruction

of the words we have just used as to the variety of the

patterns we may produce by this mode of working. What
is meant is, that patterns, or, as they are usually termed in

the trade, " figures," of the most varied forms may be pro-

duced, but not that

^^fHf^ i¥'W'/^h variety of colours

may be introduced

into the design.

We have one colour

of weft for one side,

and another colour

for the other «ide,

and, as we have
shown, the figure or

pattern is formed
by these exchanging

places and occupy-
Fig. 66.

ing alternate sides of the fabric ; therefore we have one
colour of ground, and a different coloured figure

upon it on one side of the cloth, and exactly the

reverse on the other side, so that the ground is one
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solid colour, and the figure is another solid colour in

each case. Sometimes a variation is made, and one

side of the cloth is striped in the ground ; in that case

the figure of the reverse side is striped in exactly the

same manner, as shown in Figs. 65 and 66; but that

stripe in the figure will be more likely to spoil the effect

than to add to its beauty, because in all probability, if

the stripe be a small one, the figure will present a quite

broken-up appearance, without any order, and if the

stripe be a large one, it may be divided into two portions,

one of one colour and the other of the other. Those

portions may be equal or unequal, and unless considerable

care and skill be employed, the divisions of the colours

in the various figures will be very irregular. In any

case the use of varied colours in fabrics of this class must

be of a more or less stifi* character, partaking of the

stripe form ; and where the fabric is not figured—each

weft remaining on its own side—they may be used with

advantage ; but when figured, the greatest care must be

taken that the figures are not too much or too irregularly

broken up, otherwise the efiect will be very unpleasant.

If the patterns be of a regular character, as a diagonal,

then the use of more than one colour may be decidedly

advantageous, because the pattern being continuous, the

striping will occur regularly, and will be no drawback, but

may rather add to the beauty and variety of the design.

Generally, any variety of colour in stripe form is con-

fined to one side of the cloth, at any rate in figured

goods, so that we have on one side a solid coloured figure

on a striped ground, and on the other side a striped

figure on a solid coloured ground. If both ground and

figure were striped, the efiect would probably be too

much of a mixture, especially if the sizes of stripe in each

case were similar. However, we must be guided at all

times by the particular effect desired, and also by the

due consideration of the purposes to which the fabric

is to be applied, and suit our pattern to the require-

ments of the case as best we can.
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51. Cloths with two Warps and one Weft.—The
second cLiss of double cloths, or what is kno^vIl as double

warp faced cloths, consists, as before said, of two warps
and one weft, and is really the class with which we have
just been dealing inverted, warp becoming w^eft, and weft

becoming warp. The uses to which this class of fabric

is put are probably much fewer than the double weft

face, but still sufficient to make it well worth while for

the intending designer becoming thoroughly master of

the principles upon wliich it is based. This principle

of structure is most generally applied to fabrics in

which both sides are intended to be alike in pattern

and quality, though they may be different in colour.

The arrangement of the plan upon paper is precisely

the same as for double weft face, taking weft for warp,

and vice versa ; for example : Fig. 62, if read warp for

weft, would be a plan of a double warp
face, as shown in Fig. 67. We need not, BDHnnnBHaa
therefore, dwell at length upon the ar- anDDBHaaHn
rangements of the design or plan of this

class of fabric, seeing that all we have
said of the double weft face applies also to the double
warp face, so far as it is used in practice. We must,

then, apply ourselves to the consideration of the uses of

double warp face to the production of useful fabrics, and
see how far what we have said of double weft face is

applied in practice to double warp.

It has already been pointed out that this principle of

structure is most generally applied to fabrics where both
sides are alike in quality and structure, as, for example,
to ribbons used by ladies for trimming, when one
side is of a totally different colour from the other, but
both present the same fine satin appearance. In fact, it

is to this class of goods more than any other that the

double warp face is applied. For this reason such goods
are usually made with fine silk on the surface, and in the
process of weaving an immense number of threads of

such fine material may be used per inch as warp. Their
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very fineness, and tlie smooth nature of the silk thread,

will not create any difficulty in the process of weaving

;

and the small number of threads per inch in the opposite

direction or weft enables the weaver to produce a much
greater length of fabric per day than if the cloth were

made on the double weft principle, where the con-

ditions would be reversed ; but in the case of woollen-

faced goods these considerations would not hold, because

of the thickness and roughness of the thread, which

would render it quite impossible to weave with the

number per inch which would be required to produce

the necessary fineness of fabric. In some few instances

the use of two warps is applied to fabrics made from

wool for the same purpose as the use of two wefts

—

namely, to obtain increased weight. In such cases the

face, or fine warp, forms the fabric proper with any

pattern that may be desired, and the back warp forms

merely a lining of any loose pattern which will not

mterfere with the face. Such fabrics are not so easy to

weave as if they were made with two wefts instead of

two warps, because of the thickness and roughness of the

threads ; but the necessity for employing two warps may
often arise from the fact that our looms are not adapted

to the production of double weft cloths. For instance,

if our looms are constructed to weave with one shuttle

only, we are only able to use one weft ; and if the

material we are using for the face cloth be very fine, we
cannot afford to use that for the lining also, because the

cost of the cloth would be so much increased without a

corresponding advantage. Then we must resort to the

use of an extra warp for the back, and although we
may increase the difficulties of the weaver, we shall,

by the use of coarser material for the back, be enabled

to produce the fabric at a cheaper rate. We may say,

generally, that the use of the double warp cloth is

confined chiefly to the two classes of goods we have

named, being rarely used for producing figures, though

perhaps in some few instances it may be so employed.
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but those Will, in most cases, be where the warp is silk,

or very fine yarns in other materials ; but the loose

fibre upon yarns made from other materials than silk

renders it somewhat difficult to weave with the number
of threads per inch required to make the fabric suffi-

ciently fine, even if the yarns are spun to very fine

counts.

52. Two separate Cloths.—^We now come to the

third and most generally useful class of double cloth

—

namely, where there are two separate and distinct fabrics,

each formed with its own weft and warp—and the con-

sideration of the various purposes which it may serve

;

and we must urge the student to pay the closest attention

to this class of fabric, and make himself thoroughly master

of it. A complete knowledge of the two preceding

classes will help him very much in understanding this

class ; but he must not be content with this. If he

wishes to be a competent designer for fancy cloths he

must study this branch until he has entirely mastered it.

To begin, let us examine the manner in which
double cloths of this class are produced. In the first

place, we have

114-1 A <&Q^^o offo q\q oMoo\q cm
each cloth ; and ^ \sssss^ ^^ssssssy ^isss^w/

in making our Fig. 68.

working plan

each must be dealt with by itself, so far as pattern

goes, as though the other had no existence. We
have in Fig. 68 a section showing two cloths, both of

which are twilled ; or, rather, we show two picks

(one of each cloth) which may each be taken as

being the first pick of a twill, in which weft passes

over and under two threads alternately. Each weft

interweaves with its own warp only, and the two
cloths are consequently quite independent. They are

both woven at once, but the material forming each cloth

is confined to that cloth alone, and takes no part in
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lior combines with that forming the other cloth in any
degree. The plan of this cloth is shown in Fig. 69. In
it the first, thii i, fifth, and seventh ends and pick?

are those which are to form the face, or upper cloth,

and the second, fourth, sixth, and eighth ends and
picks are those ^\'hich are to make the back or lower

cloth. Now, if the dots upon those ends

HSHbbI ^^^^ picks which are to form the face cloth

gygyygyj be examined, it will be seen that they make

dhbSbIdS ^ regular twill, and those dots which are

ygyigygy upon the back ends and picks only also

Fig. 69. form a regular twill ; but upon those picks

of weft which are to form the face cloth

dots are placed at the point where they intersect the

warp threads of the hack cloth. In all cases we are

assuming that those dots represent weft as passing-

over warp. That being so, it will at once be seen

that the face weft passes clear over every end of the

back cloth ; and in like manner the weft of the back
cloth passes under every end of the face cloth, so that

each weft interweaves with its own warp only, each warp
being kept out of the way—lifted up or left down, as the

case may require—while the weft of the other cloth is

being inserted. Then, in arranging the plans for two
separate cloths, this is the principle upon which we must
proceed : first put the face-cloth pattern upon those ends

and picks which are to form that cloth, then do the same
with the back cloth, and next arrange that as each pick of

weft is inserted they interweave with the warp of the

cloth to which they belong only.

53. Relation of the two Cloths to each Other.

—

So far as the arrangement of the plan of the fabric is

concerned, the foregoing is perhaps sufficient to indicate

the general mode of procedure, but we have now to

consider the relation of the two cloths to each other.

Double cloths of this class are capable of a great variety

of arrangements, but they may be classed generally

under four distinct heads : first, when the two cloths ar^
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equal in quality and pattern ; second, when they differ

in pattern only ; third, when they differ in quality

only ; and fourth, when they differ in both quality

and pattern. Of those in use, it may be said that the

first and fourth of the above are by far the most general,

and, as we shall proceed to show, for quite suf&cient

reasons.

In considering each of these four types of double

cloths one question must be kept constantly before us

—

namely, the relations of the warp to the weft and to

the pattern. It must be evident if the two cloths are

equal in quality and pattern, the "take up," or shrink-

age of both will be equal, both in the warp and weft,

but if they are equal in quality and different in pattern,

should one pattern interweave more loosely than the

other, the " take up " of one will be greater than of the

other, and if they are bound together in the process of

weaving, that which works most loosely will be liable to
" cockle " on the surface. Perhaps it may be done
for a purpose ; if so, well and good, but generally it is

desired to obviate such an effect and make the surface of

the cloth as smooth as possible ; in fact, to give it all the

appearance of a single cloth. In that case the gTeatest

care must be taken to make the cloths equal, and if they
must for any reason differ either in quality or pattern,

every precaution must be observed to ensure the " take
up " being equal in both. Or, if the two cloths be made
from materials which possess in a different degree shrink-

ing properties, and which may be differently affected in

the process of finishing the goods, then they must be made
to neutralise each other, or some influence must be
brought to bear which will neutralise them in the fullest

extent.

We will first deal with cloths which are equal both
in quality and pattern. Such clotlis are usually made
for the same reason as some of the double weft face

cloths, namely, to produce greater weight, or to make
the fabric reversible—more generally the latter ; and in
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such cases the two fabrics, though equal in all other

respects, will be different in colour, or one may be a

solid colour, and the other a stripe or check. In any
case the same principle of making the plan is carried out

as has been already indicated in Fig. 69, the warp
and weft of each cloth being arranged alternately, end
and end or pick and pick, and each weft interweaving

only with its own warp.

64. Binding Double Cloths.—Cloths of this descrip-

tion have usually to be bound together, so as to make
them appear as one cloth, and in fact to become one
cloth. In such cases the warp of one has to interweave
in a greater or less degree with the weft of the other

;

but this must be done so as not to interfere with the

jDattern of either, and if the two are of different colours,

they must not show through each other at the point of

binding. This being so we must select a point where
the weft of one cloth and the warp of the other meet,

if possible at a point where one or both are inter-

weaving very loosely, so that there will be no proba-

bility of the two being so intimately interwoven as to

show one cloth through the surface of the other.

Again, we must consider whether we desire to pro-

duce in the cloth a feeling of firmness of texture or

otherwise. If we want the cloth to be of a firm texture,

we must bind the two separate parts very frequently

and intimately ; if we want softness and looseness, we
must bind them only as often as will hold the two
together, and no more. This knowledge of the fre-

quency or firmness of the binding can of course only be

gained by actual practice, combined with a knowledge
of what is wanted in respect to looseness or firmness of

texture ; but no matter whether the binding be frequent

or otherwise, the same principle will hold good as to

the selection of the point where the binding shall take

place.

55. Relation of the Pattern of each Cloth to

Facilitate Binding.—In making the selection of the
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point of binding, it is often necessary to consider

the relations of the patterns of the two cloths to

each other, so that the weft of one and the warp of

the other may be brought into such a position that

they can be interwoven in the readiest and the most
perfect manner. The surest method of working is to

make a section first of the two patterns, and place the

two sections together so that the weft of one cloth at

some point where it is interweaving loosely will be

immediately above or below the warp of the other at a

point where it also is interweaving loosely, and by that

means the designer can see at a glance the best relation

of the two patterns so as to secure the best binding
place.

56. Figuring with two Cloths.—The most useful

purpose to which double cloths of this class can be
applied is in the production of figured goods, the

figuring being obtained by the two cloths exchanging
places, in a similar manner to the weft exchanging
places in double weft face goods. And there is this

decided advantage in figuring with two separate cloths

which are equal in structure—that each may be either

perfectly plain or of any texture which may be desired
;

and if the weft of each be of the same colour as the

warp with which it is interwoven, we shall have a
perfectly solid coloured figure upon an equally solid

ground.

Figuring with two separate cloths of this description

is practised in the prodiiction of a very large variety of

fabrics, and in all cases the results are most satisfactory

;

for we have not only a strong fabric, but a very warm
one, and one also capable of resisting both strain and
friction. These advantages, coupled with that of great

facilities for ornamentation, make it a most useful

class, and one which may be resorted to for a variety of

purposes.

57. Cloths of the same Quality but different

Patterns.—^We must now turn our attention to the
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second of tlie four classes—namely, those in whicli tlie

fabrics dilfer in pattern but remain of the same quality.

In the use of the term '^ same quality " it must be
distinctly understood that we simply refer to the

number of threads per inch of both weft and warp, the

thickness of the yarn being exactly the same in both
cloths, and not to the quality of the fabric as it will be
affected by the structure or order of weaving. It must

be our object to

if-—

r

y • g / . • V » * /
-:—r\ show that where

^fi-^^ .^5sjv /^^ x^3>s .^^ *^^ cloths which
^>^P^^^^^#G'\^o\^^\^o^\^ arewoven together

Fig. 70. are made from the

same material, it

requires the greatest possible care to insure the quality

of the two being the same in texture as well as in the

material from which they are made. The pattern of

each cloth must be so arranged as to secure this, other-

wise the fabrics will not be perfect.

"We will begin, for example, with an illustration of

the simplest kind, and combine two patterns which are

probably more known and used than any other—that is,

a four-end twill and a plain cloth, as in Figs. 70 and 71.

Suppose we are weaving two cloths together, one of

which is plain and the other the twill given here, and
that the threads per inch both in warp and
weft, and the thickness of these threads, are SSdIdSS!
the same in both. The two could not be nfflnSBBBB
equal in texture. One would be much firmer DBBBySaS
than the other; they could not both be gSSSBBHS
equally perfect in structure. If the quantity pig. 71.

or thickness of the material be arranged to

suit one of the patterns and to make it a perfect fabric,

it could not make the other equally perfect. Perhaps a

medium might be found—the plain cloth made heavier and
firmer than it should be, and the twill lighter and looser,

so that neither should be so far removed from a true and
perfect structure as to be so imperfect as to be objection-
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able ; and, at the same time, the two might be so intimately

bound together that the plain or stronger fabric would
support, and to some extent improve, the strength and
quality of the twill cloth. Still, with all these pre-

cautions, there would be danger of the fabric being

imperfect. In the process of weaving the plain cloth

would work very tight and firm, and would require a

greater length of warp to make a given length of cloth.

Again, not only will there be more shrinkage in the warp
(which may be overcome by letting the two warps come
from different warp-beams), but there will be more
shrinkage in the weft, because of its having to bend more
round the warp threads in a plain cloth than in a twill. In
some cases, perhaps, this may be advantageous, because if

the two cloths are sufficiently bound together it will in its

shrinkage carry the twill cloth with it, and so give

greater roundness to the twill. On the other hand, if

the fabric has to undergo a process of finishing, which
will cause shrinkage, the twill cloth, because of the very

looseness of the threads, will be liable to shrink more in

the finishing than the plain one, and so counteract its

influence. But in fabrics of this description the two
must be bound together very closely. It is difficult

to estimate the exact amount of shrinkage which is

likely to take place relatively in the two cloths, and
more especially if the process of finishing be a

severe one, or if the material be of a nature which will

assist the shrinkage, as, for instance, in woollen cloths

which are milled. If, in such cases, the two cloths are

too loosely bound together, or the points of binding are

too far apart, that which shrinks most, even if it be

only in a slight degree, will cause the other one to form
bubbles, or " cockle," and so give a most unsatisfactory

appearance to the whole.

It is even more difficult to deal with fabrics of this

class if we attempt to figure with them in the same
manner as when the two cloths are equal in quality and
texture, because usually in figured double cloths there
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is no binding introduced, except where the two cloths

intersect each other. Consequently, if one should shrink

more than the other, the " cockles " or bubbles would

exactly correspond with the figure. There are double

cloths where an effect similar to this is aimed at, but in

such we must adopt means which will ensure the even-

ness and regularity of the embossed character which it

will present ; we must not trust to chance, or the possi-

bility of the effect being produced by one shrinking more

than another. It may be all very well to rely upon it

to some extent, but we must not do so too much, other-

wise we shall probably be often disappointed.

It will readily be seen that the combination of two

cloths of the same quality, so far as the number of

threads per inch and thickness of these threads is con-

cerned, but of different patterns, is not a desirable

thing to practise, unless for some specific purpose;

and even when resorted to great care and skill must be

exercised to secure the proper result. Sometimes, per-

haps, it may be necessary, but it is well to avoid it as

far as possible, and where it must be employed, let the

conditions be examined with the greatest care, otherwise

disappointment will be sure to follow.

68. Cloths of the same Pattern, but different in

Quality.—What has been said of cloths which are of the

same quality but differ in pattern will apply practically

to cloths which are of the same pattern but differ in

quality. For instance : if we make two cloths together

in the same loom^ both of the same pattern, and both

having the same number of threads per inch, but the

threads of one cloth of a different thickness from those of

the other, the two cannot possibly work well together, or

assimilate ; and it is an imperative condition in nearly all

double cloths that the two must assimilate and combine

to form the same fabric ; but if one be very fine, and the

other be very coarse, this is scarcely possible.

It may be said, if we combine two cloths of the

same pattern, each composed of threads of different
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thicknesses, we may vary the number of threads so

as to compensate for the difference in thickness. That
is perfectly true ; but there must be some harmony
between the relative number of threads in each cloth.

Suppose, for example, one had, say, sixty threads per

inch, whilst the other had eighty-five, there would be

a difficulty in weaving. In the first place, they could

not be arranged satisfactorily in the reed, nor could

the weaver arrange the succession of the picks in any
definite order without an immense amount of labour.

The points of binding the two together would be ever

varying in relation to the pattern, and altogether there

would be endless confusion in the work. To weave
double cloths satisfactorily it is imperative that there

must be regular order of succession of the threads of

both warp and weft; that is, they must be alternate,

or two of one cloth to one of the other, or some such

order. Then it follows that if the patterns be equal,

and the threads are alternate, the diameters of the

threads must be equal. If the patterns be equal, and
the order of succession or proportion of threads in one
cloth be two to one. then the diameter of the threads

must bear the same relation to each other ; and what-

ever the proportion of threads in one cloth be to the

threads of the other, their diameters must bear the same
relation. Fabrics of this description are often made, but

unfortunately the true ratio of the threads per inch and
their diameter are not always considered, and even if

they are, they are in many cases considered upon a

false basis, the designer proceeding upon the assumption
that the diameters of threads vary in the direct ratio of

their weights, instead of the ratio of the square root of

their weights. This false assumption is probably a

greater source of trouble to the makers of double cloths

of all descriptions than anything else. No matter what
may be the character of the fabric, the true ratio of

the diameter should never be lost sight of from first to

last.



96 DESIGN IN TEXTILE FABMCS. [Chap. V.

Cloths of this class are frequently used, more es-

pecially where it is desired to have a heavy, strong

fabric with a very fine surface. The face may be
made as fine and the back as coarse and heavy as we
please, so long as we preserve the proper proportion

between the two ; in fact, the back becomes simply
a "lining," something to give weight and strength.

Fabrics of the most beautiful texture on the face, and
yet of a very heavy, useful character, may be made upon
this principle, and it is capable of application in a great

many ways. At the same time, although the texture

may be varied, the patterns are not much varied in

cloths of this class, but are confined chiefly to plain or

simple twills, for the reason that it would be absurd to

make the back pattern a fancy one, when it is intended
only as a lining.

59. Cloths where both Quality and Pattern are

Different.—If we wish to produce a fabric with a fancy

face, and gain weight and strength by putting in a lining,

we must resort to the fourth class of double cloths, where
pattern and quality are both difierent. Here we
have at command all the capacity of ornamentation
which single cloths give, combined with the means of

obtaining weight and strength, by the use of double
cloths. Double cloths of this type are perhaps more
used than any other. Throughout the woollen trade,

in making cloths for men's wear, they are almost
universal, and in many other branches they are also
largely used. Generally such cloths are made with some
fancy pattern on the face fabric—fancy, not only in the
order of interweaving, but also by the use of colour

—

while the back cloth is either a perfectly plain one or a
simple twill. The face cloth is usually very fine, made
from fine material, while the back is coarse and heavy.
Of course the face cloth may be made as elaborate as
possible, and the back as plain as possible; in fact, the
plainer the back, provided it will admit of a sufficient

quantity of material being put in, the better, because
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the plainness acids to the strength by the warp and weft

being so intimately interwoven.

The arrangement of the pattern on paper for this

class of fabric is, of course, precisely the same as for

cloths which are equal in both quality and pattern,

only instead of the threads of warp and weft being
alternate, they will generally be two of face to one of

back, or in such proportion as is required to give the proper
weight or thickness of cloth, or to produce any desired

effect.

In making double cloths of this class the cultivation

of the habit of dealing with each independently of

the other is of the greatest value, so that the designer

may know exactly Avhat is the structure of each, and
be able to see what is the pattern upon it at a glance

;

he can then compare their relative orders of working,
and select his binding places Avith certainty. Of course

the same principle of binding must be followed in

this class of cloth as in the preceding, but in many
cases there is much greater difficulty of binding than
in the others. In the first place, the difference in

the quality and thickness of the yarns makes it

necessary to select binding places where there can be
no risk of their showing through to the face ; and it

is most advisable, to assist perfect binding, to select

the two thinnest materials ; for example : if the back
cloth be a very coarse, heavy one, in most cases the
weft will be tliicker than the wai-p, and the back weft
will certainly be thicker than the face weft ; so that it

would be very desirable, in such a case, to bind the two
together by lifting a back warp thread, and allowing a face

weft thread to pass under it. Of course this must be
done in accordance with the rule mentioned for binding
two equal cloths together—namely, that the back warp
must be on the upper side of the back cloth, or next the
face cloth, and the face weft must be on the under
side of its cloth, so that neither is drawn out of its

regular course more than the mere thickness of the thread.

H
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Then the second, and in many instances the greatest,

difficulty arises from the relation of the two twills

to each other. If the two patterns, for example, oc-

cupy such a number of ends each that they are not

both complete at the same time, or, in other words, that

the number of ends occupied by the back pattern is not

a measure of the number occupied by the face, then at

every repetition of the face pattern the back will fall in

a different position in relation to it, and a binding place

selected at one point which might be perfect would be en-

tirely wrong at the next repetition of the pattern. We
will take, for example, a ten-end pattern for the face and
a four-end pattern for the back, and make a section as

shown in Fig. 72.

This pattern cannot be complete until twenty ends of

each are gone over, because that is the first number of which
ten and four are both a measure. Had the relative quanti-

ties of face and back cloth threads been two to one, then it

would have required forty threads of face and twenty

of back to complete it, and consequently the difficulty of

binding would have been greater. However, we will

examine the binding of this pattern. We have selected

our first binding point at a ; the next repetition of the

face pattern is at b, but if we bind at h we are not

taking an end from the back twill corresponding to that

we have taken at a, and if the binding at a is perfect

that at h cannot be.

Again, if we take every corresponding end of the

back twill, they wdll fall at c, d, and e. Now, every one

of these points occupies different positions in relation to

the face twill, and if the weft be brought from the face

under the back at these points, some of them would be
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very imperfect. Take, for instance, the point d, where
we should have to bring the face weft through its own
warp to bind under the back end. Instead of weft of

one cloth and warp of the other being together, we have

the warp of both cloths together, the weft of one cloth

above and that of the other cloth below them, so that it

would be quite impossible to bind them perfectly at such

a point. It will be obvious that nothing but great

care in selecting the points at which the binding is to

take place, and in arranging the relation of the two pat-

terns to each other so as to facilitate this selection, can

ensure perfect fabrics, more especially when the two pat-

terns occupy different numbers of ends, and fall in

different positions in relation to each other in consequence.

Of course, having found one or two places v/here binding

can take place if the two patterns run concurrently, as

they very frequently do, there would be no further

trouble. We can bind as often as we please simply by
following up the line of pattern, and always binding at

corresponding points. Sometimes, though, we are de-

barred from this, and we have another kind of difficulty

presented to us. Suppose we have on the face a fancy

twill running, say, in a vertical direction up the fabric,

one which may be the result of the combination of two
or more twills, or simply produced by the process of

elongation, as, for instance, in Fig. 49 or Fig. 55, and we
are putting a back cloth of an ordinary twill along with
it. The two jDatterns running at different angles, we should

have to find fresh binding places at every point where we
wish to bind. Because of the different angles, the two pat-

terns could not occupy the same position in relation to each
other at any two points, except at such distances apart,

determined by the repetitions of the back pattern bringing

it into concurrence with the face, as would probably be
too great for })inding purposes. At any rate we can
never deal with the binding of such patterns in the same
easy manner as we can where the two twills run con-

currently. When we are using such patterns as this
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for the face it is generally better, if we can, to use a

plain back, not only because of the binding, but quite as

much because the diflerent angle of the two twills may
make one cloth draw the other a little out of its proper

place, and so cause " cockling." We cannot always use

a plain cloth, perhaps, because of the weight of fabric we
wish to obtain, but we should do so wherever we can,

and avoid whenever possible—and it is possible in most
cases—the combination of two twills which do not run
at the same angle.

60. Forming Patterns on Double Cloths by Bind-

ing.—The binding of double cloths may be used for the

purpose of producing patterns ; and in certain classes of

goods with which we shall presently have to deal the

whole of the figuring is produced by binding, but in

considering the subject generally we may point out how
the figure may be most effectively produced. Of course

such patterns are obtained by binding the two cloths to-

gether as firmly as possible all round the outline of the

figure j for instance, if we wish to make a check pattern

upon a cloth by binding, as is frequently done in worsted

coatings, and also in many woollen goods. Along the

line of the check, both warp and weft way, we make the

two cloths become one, not at intervals, as in ordinary

binding, but throughout the length of the piece upon
the warp threads, and across the piece upon the weft

threads, which mark the line of the check. These
patterns may be made as fanciful as we please, but
generally in the cloths we have named they are con-

fined to stripe or check form.

61. Relations of Face to Back Cloth in both

Quality and Pattern.—Before we enter into the question

of the application of double cloth to particular fabrics,

we must consider the relation of the back to the

face cloth in all its aspects. We have already examined
the relation of the two cloths to each other Avlien they

difier in pattern only, and when they are the same in

pattern but difier in quality. We must now proceed
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to the examination of tliose which differ both in

quality and pattern. As has been already pointed

out, the fabrics which differ in both quality and

pattern are far more numerous than the other classes
;

and we may say that it almost necessarily is the case,

for if we are making a fancy fabric, and putting a back

cloth upon it which is intended merely for a lining, we
usually make the lining as simple a pattern and as cheap

a fabric as possible. As a matter of course, the face

cloth—that which is to be seen, and which is to be the

wearins: surface—must receive the first attention. We
must make that not only a fancy fabric in the great

majority of cases, but we must make it as unexceptionable

as we can. It must be what is termed a well-balanced

cloth, perfect in structure. The relative quantities of

warp and weft must be properly apportioned according

to the pattern, and, in fact, every care taken that it is

treated properly, as if it were a single cloth. We must
then consider the back. Usually, as we have seen,

the back cloth may be made as plain as possible, and

if not actually a plain cloth, it must be a twill of

the simplest character, and only just sufficiently loose

in its order of working to permit of the quantity of

material being put in to give the required weight. It

too often happens that the pattern of the back or

tJie thickness of the threads are determined by arbitrary

rules, or perhaps more frequently by guess-work, or

"rule of thumb." Now, if the two fabrics are to be

perfect, and neither cloth to interfere with the other,

as we have shown they may do, they must both be con-

structed equally firm. Not that the back cloth must be
as fine as the face, or that the pattern must be in the same
order of interweaving, but that the thickness of the

yarn and the ends per inch must be suited to the pattern

in one cloth as perfectly as it is in the other. The
quantity of material in one must not be such as to

make a firm, stiff fabric with the pattern in which it is

being woven, while that in the other is making a loose.
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flabby article ; they must be as nearly equal as possible.

If the face cloth has two threads of warp and weft

to one of the back, it does not necessarily follow

that the weight of the back threads is double the

weight of those forming the face ; but we must take
first their relati^-e diameters into account, and then
the relative order of interAveaving. Suppose, for

instance, we determine that the back shall be a plain

cloth, and the face a twill, say a four-end twill, two
weft and two warp on the surface, and that we have
two threads of face cloth to one of back, both in weft
and warp,—the question will be, what should be the

relative thickness of the face and back threads to produce
a perfect cloth, and one in which the two are alike

perfect. Now, although in both patterns weft and warp
on the surface of their respective cloths are equal, yet

the order of interweaving is not equal ; the twill will

be a much looser fabric than the plain. Therefore,

although the number of threads is as two to one, the

diameters of the threads must not be in the same ratio,

but we must take into account the order of interweaving,

which in the twill to the plain will be as six is to eight,

the number of ends of face to back, which is as two to

one, and the diameter of the threads, which are to each

other as the square root of their counts. We shall then
make each cloth equally perfect; the "take up" of one
will be equal to that of the other, and there will be no
fear of one acting upon the other, and so affecting its

appearance. Well, it may be said, " in practice we cannot

take all these things into account ; we are working upon
certain counts of yarn, and we cannot alter exactly to

suit any fancy system of calculation of this kind." The
only answer is, " Then your fabrics cannot be perfect."

Yery frequently fabrics are made without any previous

calculation of the relative thickness of the two sets of

threads, and they come up so nearly perfect that they

pass as such; but in these cases the maker is guided

entirely by previous knowledge of fabrics which have been
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made, and which are approximately perfect, and using this

previous knowledge he may again arrive at something

sufficiently near perfection ; but that is not quite

enough, for he may have to make a number . of

experiments, waste time, labour, and material, and in

the end his results are only ai:)idToxiinately true, whereas

a proper consideration of the condition will give him with

certainty the proper counts of the material for one cloth

to make it perfect in its relations to the other.

' So far we have been speaking on the assumption that

the weft in each cloth is equal to its own warp, but
frequently the warp and weft may be very different.

In the face cloth this may be governed by the pattern, as

was pointed out in dealing with single cloths, and in the

back cloth it may be governed by questions of economy.

Perhaps, in some cases, although the warp threads are as

two to one in the two cloths respectively, the character

of the patterns may render it necessary that the wefts

may be in different proportions. Again, it may be that

our back warp must be of cotton and the weft of woollen,

then the weft would be much thicker than the warp

;

yet we must not lose sight of the proper relation of that

weft to the face weft, and to the order of interweaving,

and so keep our two cloths as perfect as possible in their

rrlations to each other. If any difference does exist

between the two cloths, generally the back one should be
the looser and softer. Serving as it does the jDurpose of

a lining, we can afford to have a greater degree of loose-

ness and softness in it than we can usually in the face,

because the face has to be subjected to wear, to friction,

and in a great measure to strain, which does not fall upon
the back, and any liability to " cockling " is far less

objectionable in the back cloth, which is never seen in

wearing, than in the face cloth. However, this dif-

ference must not be too great ; it must not be such
as to be very perceptible either to the eye or the
touch, and more especially in cloth such as wooUeji

—

a material in which this class of fabric is more
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made than in any other—where a process of milling

or felting has to be undergone. In some cases this

increased softness of one cloth may be an advantage :

it will give more elasticity to the cloth as a whole,

and make the face cloth assert itself more, and con-

sequently show to better advantage ; but it must not

be carried too far, whatever degree of softness be

given to it : it must not be much looser than the face,

else the advantage gained by increased elasticity will

be more than counteracted by excessive looseness and
loss of wearing power.

62. Three and Four "Ply" Cloths.—In addition

to double cloths pure and simple, there are many
others known as "three ply," "four ply," &c., imply-

ing that the cloth is not merely a double but a

three or four-fold cloth. It does not always follow

though that a three or four ply cloth means that there

are three or four distinct fabrics woven together, though
that may be so ; there may be two perfect and complete

cloths, and a filling between them which is not in itself,

strictly speaking, a complete cloth. Or it may be

that we combine two double-faced cloths, as, for in-

stance, is the case with some very thick bulky cloths

which are used for covering rollers and other purposes,

A section of a cloth of this kind is shown in Fig. 73,

where ^Ye have two double weft face cloths combined to

make one. These
f^.-^ *y^ * VX » y^ « \l/ ' y^ r\,wp. -two cloths, if

P^
/ « y^*"\jX « X^X * \i^ * y *X '"V^J^^P- perfectly bound

jijo.
y3_

together, as they

may easily be,

make an immense thick bulky fabric ; in fact, when
milled, if the proper thickness of threads be employed
in their manufacture, they will present a section fully

a quarter of an inch in thickness. This in common
speech would be styled a four ply cloth, and may
be so called with a certain amount of propriety, be-

cause each of the cloths of which it is composed is a
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double-faced clotli; there are only two warps, but there

are four wefts, and the manner in which these weft

threads are interwoven with their respective warps allows

the whole four to go into the space of one in an ordinary-

single cloth. This is one of the most simple applications

of the three or four ply cloths, but it will help us to

understand how the multiplication of cloths will enable us

to produce fabrics of any bulk. Of course the principle of

structure is exactly the same as in a pure double cloth.

We have only to consider how many warps and wefts we
have, and deal with each independently, as a weft or

warp ; but in combining we must consider its relation to

the other wefts or warps, or the other cloths, so that they

can be bound together in the most perfect manner, and
so that each cloth, although bound to another, is still a

cloth in itself.

It would be an easy matter to multiply illustrations,

and perhaps by doing so we might add force to the one

object we have in view—namely, urging the student to

practise the consideration of all the individual threads

which go to form a fabric, and to classify them, and con-

sider them, in the first place at any rate, as being there

for one specific purpose, and that they form part of a

w^hole for that jDurpose only.

So that we may be able to do this more completely,

and to prepare for the consideration of other fabrics in a

more thorough manner, we will examine some of the

applications of double cloths as they are generally used

and applied to fabrics which come under the almost

daily notice of every one, whether engaged in the

textile trades or not. If we can direct the attention

of the student to objects which are daily before his

eyes, but of which, perhaps, he takes little or no notice,

we shall probably do more to educate him than by
any amount of rules or definitions. He will examine
and think for himself, he will begin to inquire the

reason, and in many cases he will familiarise himself with

the principle of the structure of fabrics, which in after-
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life he may apply to goods of a totally different cha-

racter. It is not sufficient for the designer or manufac-
turer of textile fabrics to know merely the structure of

some particular class in which he is immediately engaged
;

he should have a general, and, as far as possible^ a par-

ticular knowledge of the structure of other classes of

fabrics, so that he may import new ideas into his own
branch of industry ; and it is for this reason that we lay

so much stress upon a complete knowledge of double

cloths, because it will be found to be the keystone of a

vast variety of fabrics to which, at first sight, perhaps,

it has no relationship.

63. Scottish or Kidderminster Carpets.—One of the

most largely manufactured class of fabrics to which
double cloth is applied, is what are known as Scottish

or Kidderminster carpets, which consist of simply two
separate cloths of the same texture but of different

colours. These cloths exchange places so as to form figures

or patterns. In many of these carpets great variety of

colours is employed, and patterns of the most elaborate

description produced, but a careful examination of them
will show the student that each cloth remains to itself

throughout. They exchange places to form patterns,

but each weft weaves into its own warp. This is one of

the simplest forms of application of double cloth to

figuring. The fabrics may sometimes be made three or

four ply, and the figures be of the most elaborate

character, yet the application of the principle of double

cloth is extremely simple.

64. Quilts.—Another large class of fabrics made as

double cloths, and one in which the most elaborate

patterns are produced_, although no colour is employed,

the articles being white only, is what are generally

known by the name " quilts," which includes cover-

lets for beds, and also toilet covers and other such

articles. These goods are usually of that class of double
cloths which are equal in pattern but different in

quality.
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Usually both cloths are quite plain, but the face is

very much finer than the back, and in some of the

commoner qualities, which are known as "mock," or

imitation quilts, there is no back warp but only weft.

The system or mode of producing figures in this class of

fabrics is very different from that of other double cloths

of which we have spoken, though it is in effect the same
as that mentioned in connection with coating cloths in

section 60.

So as to deal in the most complete manner with this

important class of fabrics, it will perhaps be as well to

begin with an examination of the best qualities, and
show the mode of producing patterns, then the other and
inferior qualities will be more readily understood, and a

more comprehensive knowledge obtained of the whole

system.

Quilts of the best quality may in one sense be called

three ply cloths, though there are not three distinct

and perfect cloths, but two cloths and a " wadding."

That is, there are two distinct and perfect plain cloths,

and a loose weft inserted between them, which not only

gives bulk to the fabric but assists in producing that

embossed ef- „ i

feet which is ^'\i/'\^y'^\2/'\^/'\,l/'\l^^^
peculiar to \-\ -j—

=

}
this class of • y''»'\j^)y'''^^\^ y^''*^\^ff}^^^
fabric. The ^ig. 74.

section (Fig.

74) will explain mo.st readily how the cloth is con-

structed and the figure produced. There is a fine face

cloth, represented by the thin lines and dots ; a back
cloth, represented by the thick lines and dots ; and the
wadding, represented by the double straight lines. It will

be seen that the face and back cloths are both perfectly

plain, and the wadding pick passes clear between them.
The manner in which the figure is produced is by binding
the two cloths together, as shown at the points a and b,

all round the outline of the figure. By binding the
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cloths together in this manner, with the wadding weft

between them, the figure is raised, and so produces the

embossed effect. This is easily accounted for, because at

the point of binding the two cloths become one, and so

compress the wadding weft between them, while in the

body of the figure the two are quite loose from each

other, and the wadding loose between them ; so that the

latter pushes the cloths apart, and of course the larger

and more loose the figures, the more this will take place.

Fabrics produced upon this principle not only give wide
scope for producing very elaborate designs, but they also

give a very substantial useful fabric. From the fact of

the cloths both being plain, the strength is all that could

be desired, and the wadding gives warmth. In this case

the back cloth, of course, is a lining only ; in fact,

the whole structure is as if we had taken two separate

cloths, laid one upon the other with a thick wadding
material between them, and then with a needle stitched

through the whole mass all round the outline of the pat-

tern, so as to bind them firmly together. It is very ob-

vious that the drawing of the two cloths together with
the stitching, leaving the body of the figure without

any stitching, will produce an embossed effect, and
the thicker the wadding and the larger the figure, the

more roundness we give to it. The structure of this

cloth is just as if we had done so, the only difference

being that instead of using the needle, the cloths are'

bound together in the process of weaving, and by the

threads of which the cloth is composed.

In many of the lighter fabrics of this class no wad-
ding weft at all is used, but simply the two cloths, and
more effect is given to the figure by the two cloths .be-

coming one where no figure is being formed.

By this means pretty much the same effect is pro-

duced as if wadding were used ; though of course the

figures do not stand out quite so prominently as if

wadded, nor is the cloth so stout and bulky
;
yet the

very flatness of the ground where the two cloths form
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one gives more prominence to the figure than would be

expected. A section of a cloth figured in this manner is

given in Fig. 75. Even more prominence will be given

to it by the weft of the back cloth being thick like wad-

ding, and by allowing, at the back of the figure which is

to be most raised, the back material to be quite loose
;

the weft, which may be called wadding, lying loosely

between the plain face cloth and the loose back warp,

the latter having no weft interwoven with it at this point.

In fact, the great majority of common toilet articles seem

to be made after this latter method. Again, a similar

effect may be produced by using backing weft only, and

Fig. 75.

letting it interweave into the ground, so as to form a

thick cloth, and then pass loosely behind the figure in

the same manner as the foregoing, only that there is no
back warp. By this method the figures are not quite so

clearly defined, and the embossed effect is not quite

so good. However, by any of the three methods we
have a ready means of producing most elaborate patterns

without the use of colour, and the patterns may partake
of any character ; they need not be of the stiff type, as

stripes, checks, diamonds, &c., but they may be floral, or

in fact of any style which the requirements of the cloth

for the purpose to which it is to be applied, or the fancy
of the designers may call forth.

• 65. Matelasses.—Another class of fabric which has
been largely used within the last few years may be
said to belong to the same family as quilts, though the
material of which it is made is different, and there

is also more ornamentation on the face cloth. These
fabrics are chiefly used for ladies' jacket or mantle cloths,

and are known as "matelasses." The face cloth is
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generally silk or fine worsted ; the back clotli woollen and
cotton, or all cotton, according to the quality of the

goods. The principle of structure is precisely the same
as in the best quality of quilts. The face and back are

two separate cloths, and there is a wadding weft. The
figure is produced by the binding of the two cloths to-

gether in exactly the same manner as in quilts, but in

addition to the figuring by binding, greater effect is given

to it by varying the working of the face cloth by twilling

and otherwise, so that the cloth is ornamented to the ut-

most, and also gives a thick useful fabric. In this, of

course, the pattern may be of any character, and more
eflfect be given to floral designs, especially by the twilling,

&c. , on the face than can be given in quilts v/hcn the cloth

is quite plain. This system of figuring is, of course, ap-

plicable to many other fabrics ; we have merely selected

these two for illustration, because more comj)lete and per<-

feet representatives of their class than any of the others.

66. Woven " Tucks," &C.—To enumerate all the ap-

plications of double cloths would be a difficult task. We
might point to the weaving of hose, which is made as a

double cloth, and many others, but we should be occupy-

ing space needlessly. However, we may refer to one or

two other forms of application of a more or less novel

kind ; for instance, the weaving of " tucks " for

children's dress skirts, a section of which is shown in

Fig. 76. To make these tucks, all the warp forms one

solid fabric for the ground, then when the tuck is to

be formed, every al-

ternate warp end only

is used until a suffi-

cient length has been
^^s- 76. woven. The warp is

brought off two
beams, and as soon as the tuck has been woven the
warp of which it is formed is let forward, and the tuck
pressed forward by the reed, or, what is equivalent,

the ground cloth is let back up to the reed, until the
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edge of tlie tuck and the point where it commenced
being formed are brought together, then the whole warp
again begins to form one solid fabric, leaving the

tuck as a protuberance on its surface. This operation is

repeated at intervals, greater or less according to the

size of tuck or their distances apart.

67. G-rooves in Cloth.— Fabrics are sometimes woven
with grooves in them for various purposes, the grooves

being formed by weaving two separate cloths for a given

distance, then combining them so as to form one cloth only.

The section would be similar to that shown in Fig. 75,

except that the grooves would be straight across the

piece. Then the woven "ladder-tapes" for Venetian

window-blinds are made upon the same principle, the

narrow cross-pieces entering the body of each separate

tape alternately.

68. The Ornamentation and Uses of Double Cloth.

—We have now gone pretty fully over the principles of

double cloth making, and examined the advantages to

be gained in increased weight of fabric—strength, and
warmth—as well as the various methods of ornamen-
tation which it places witLin our reach. We may
ornament one of the cloths only, and use the second

only as a lining ; we may bind the lining into the face

cloth in such manner as to produce additional patterns
;

or we may cause the two cloths to exchange places

for the production of figures^ and have by that means a

solid coloured figure upon a ground of another colour.

These are the chief features of double cloth, but in

their application there is no limit to the varieties.

A thorough knowledge, however, of the manufacture of

double cloths in all the varieties "of form or combination, is

not only valuable as giving the power of producing a

great variety of fabrics more or less heavy, but we can
constantly apply it to fabrics which do not come strictly

under the head of double cloths, but which are rather

more for the purpose of ornamenting single cloths by the

introduction of material which is used for figuring only,
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and which form more or less of a double cloth only at

the point where the figuring comes in.

Before leaving this subject Ave might briefly point

out generally the classes of fabric to which the various

classes of double cloth weaving are most applied.

In the first place, there are those which consist of one
warp and two wefts, used chiefly for woollen goods, such

as union shawls, mantle cloths, rugs, coating cloths, and
other heavy fabrics. Secondly, there are those which
consist of two warps and one weft : applied to silks,

ribbons, a few coating cloths, but mostly to fine material

where a great many threads per inch in the warp can be

used without difficulty. And thirdly, there are those

which are two separate cloths : applied to heavy shawls,

carpets, quilts, heavy coating cloths, and heavy goods

generally, whether of an extreme fancy character or

where plain texture is required.

CHAPTER VI.

FIGURED CLOTHS.

69. Forming Patterns upon the Fabric.—We have
in the previous chapters dealt chiefly with the structure

of the fabrics and the consideration of ornamenting in

the structure, with the view of rather adding to than de-

tracting from its usefulness. Of course, as we pointed

out in the first chapter, we must at all times have the

application of the fabric before us
;
yet we may deter-

mine the general structure first, and then the question of

ornamentation separately. As we have dealt with tlie

question up to this point, we have kept the two strictly

together. We may now begin to consider the question

of ornamentation from a somewhat different standpoint.

We have to deal with pattern of a more elaborate

character and its application to fabric, and make
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structure of cloth subservient to design rather than

design subservient to structure, at least so far as the

question of usefulness goes. Of course, we can never

afford to ignore the latter, but, as we have considered

it so very fully, we may now make it, perhaps, more of a

secondary question.

So far we have only discussed the question of

figuring on fabrics in a general way, without entering

into the question of arrangement of figured, patterns.

The designs with which we have dealt, except in

double cloths, have been figures of a simple des-

cription, commonly designated twills, the one chief

characteristic being that they are continuous and un-

broken all over the fabric. The number of threads

occupied by one complete pattern is very small, and
although, as we have shown, there may be a great

number of patterns produced, either of twills or having

twills for their base, yet there is little room left for

the play of imagination, at any rate as compared with

what may be exercised when dealing with designs of

a floral character or patterns occupying a larger area.

Again, the patterns with which we have dealt in detail

—except the references made in the last chapter to

figuring with double cloths—being such as occupy only

a small number of threads, are capable of being woven
in the loom with healds ; but as the area of patterns so

woven is necessarily limited, we must resort to the

Jacquard machine to enable us to produce larger and
more complicated patterns, or, in other vv^ords, to give us

command over a greater number of threads, so that we
may vary their order of working in a greater degree, and
not have the repetition of the pattern occurring so

frequently.

In all the patterns which we have discussed up to

now, where we have formed a pattern by interweaving

the warp and weft threads in varied order, it has been
formed by both sets of threads in a similar degree.

We have had no fixed or definite ground fabric with
I
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a tigure upon it. The figure has covered the whole

;

m fact, we may be said to have been designing fabrics.

There has been only ornamentation on a small scale in

the structure. We must now determine the structure

of the fabric first, or what is technically termed the

ground pattern, and then work our design upon it. For

forming the figure upon the surface of the cloth, we may
use either the material which composes the body of the

fabric or- we may introduce extra material. Suppose we
are weaving an ordinary plain cloth, and we wish to

ornament it by the introduction of a figure, we may
either introduce additional w^rp or weft to make the

figure, without in any way interfering with the plain

fabric, or we may let the ground warp and weft, as that

which forms the fabric is termed, cease to interweave

with each other, and simply lie loosely one above the

other at intervals regular or irregular according to the

arrangement of the figure we desire to produce. Some-

times we may have the weft thrown to the surface,

sometimes the warp, according to the material of which

each is made ; or we may bring up portions of each for the

purpose of producing some special effect, as, for instance,

if warp and weft are of different colours. In many
cases also we not only make figures with the material of

which the ground or body of the fabric is composed, but

we also introduce along with it some extra material

either in the warp or weft, or both.

We must examine into this subject very closely, so

that we may see clearly not only how the figure is made,

but the arrangement of designs, and the probable effect

upon the fabric of designs of different

SaSSSSSnan characters when the pattern is formed by

SSmIISdhS *^® ground material.

SSSSSaSSSS '^0. Figures Formed by the Ground

Fig. 77. Material.—Let us take Fig. 77 as a

plan of a small figure, formed by the

ground weft upon a plain cloth, and Fig. 78 as a section

of the same. The general body of the cloth is per-
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fectlj plain, the warp and weft passing over and under

each other alternately, but the figure is formed simply

by their ceasing to interweave, each set of threads

being quite free from the other. When figures are so

made the quality of the cloth must be in some degree

afiected; but this will vary according to the amount
of figuring introduced, the size of the separate figures,

and their distances apart. We say that plain cloth

is the most firm in texture of all ordinary fabrics, but

if we intermix with the plain a quantity of figuring

where the warp and weft are both quite loose, we make
the fabric loose in texture exactly in the degree in which
we figure it. Generally speaking, the amount of figure

introduced is not so much as to afiect the fabric detri-

Fig. 78.

mentally, but this, of course, must be carefully watched
by the designer of the pattern ; and if his cloth would
be deteriorated by the introduction of a certain amount
of figure, then he must alter it by the use either of a
greater number of threads per inch, or of a thicker

yarn. The consideration of the structure of the fabric,

as aff'ected in this way, is not the only or even the most
important one in designing figured goods, but the
arrangement and distribution of the figure also require

a proper amount of attention. If the design be fioral

it will be necessary to distribute the weight of figuring

equally, not alone for the purpose of pleasing the eye,

but so that the fabric shall not be more loose at one
part than another. It must always be borne in mind by
the designer of fabrics of this type that large figures

or figures set closely together will give looseness and
extreme softness to the cloth. And by having a large
quantity of loose weft or warp thrown to the surface the
wearing qualities of the fabric are very much affected; in
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fact, where the figure is formed there is no cloth—cloth

has ceased to be formed, it is simply loose warp and weft,

and it does not require an expert to know that this must
not be carried too far. In a great portion of the fabrics

figured upon this principle the designs are not strictly

floral. Perhaps floral objects may form the basis of

the design, but they are set at regular intervals over

the surface, not arranged as a continuous pattern, not

a design, perhaps, in the general acceptation of the word,

but simply an object or number of objects scattered at

regular intervals and in definite order over the surface.

Take Fig. 79 as an example. We have here the same

object as we used in Fig. 77, but a number of them are

distributed. So as to arrive at a definite understanding

of the order of arrangement we

, DHDaBiiBDaDSiSI . ™st examine each spot or object

nlDHnSaSSia and its relation to each weft pick

SSBDBD&SliynBD a^^ wa^P ®^cl of the pattern. It

"
BDlnSSyDHnBDBnBn

' ^i^l ^e noticed that the spots aa

, BDHaSSiBBDHnBiBi „
^ach commence on the same pick,

ySSSSBISSSSSSBlS and so do 6 & and cc, &c., and

^SiiSSSSSSISiygSS, farther, that a and c are upon

BaiSynyDySISySya the same warp ends, and so are

Pig, 79. b and d, so that a is a repetition

of a in the direction of the weft,

and c is a repetition of a in the direction of the

warp ; and in like manner b and d are repetitions

of b. Consequently a and b constitute the complete

pattern, the rest being simply repetitions of these

two. This mode of arranging the spots is usually

spoken of as being "two spots set alternately,"

which simply means that there are only two spots

in the complete pattern, which are arranged so that

they occur alternately in the order of weaving. This

is the simplest and easiest mode of arranging the dis-

tribution of spot figures over the surface of the fabric,

and may be applied to figures of any size or form, but it

possesses what is generally considered a disadvantage in
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woven fabrics, as far as appearances go, but wbicb is mucli

greater so far as the structure of the cloth is concerned.

In the pattern before us, if we glance along the centre of

the figure we see the weft passing clear over five warp

threads, and interweaving only with three. Exactly

the same occurs with the warp threads through the

centre. Again, if we look along the line where one

figure is just ending and the next beginning, we shall see

that the weft passes under and over every alternate warp

thread. The same also occurs with the warp thread

interweaving with the weft at the corresponding position.

Such a variation in the order of weaving of the variou?

threads of which the fabric is composed must produce

irregularities in its texture, which are objectionable,

for they not only detract very much from its appearanco

but also from its usefulness, because of the different

degrees of tension thrown upon the threads. In a figure

so small as this it might not be serious, but in a large

one it certainly would, and the small pattern is used here

only for the purpose of illustration.

Then, if the arrangement of spots alternately in this

manner is objectionable, as it evidently mus-t be in some
cases at least, we must adopt some other mode which
will obviate the difficulty. Now, it is very clear that

whatever system of arrangement we use, there must
be regularity : the spots must be

regular distances apart, and equally SggggiUggggBSSS
distributed. Fig. 80 is one of the iSgggglggggggggS
most perfect arrangements of its Igggggggg'Sigggg
kind. Here we have the same ggggiiggggSggggg
spots ; they are equal distances ggggiggggggggf
apart, equally distributed, and the gggggggg|Sgggg5a
order of interweaving of each re- glKagggigggggg"
spective end and pick is also equal. ggiggggggggilSgg
The appearance of the fabric, so yig. go.

far as size and distance apart of

the spots are concerned, would be exactly the same as

that of Fig. 79, but the cloth will be more perfectly
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constructed, more pleasing to the eye—inasmuch as the

figures do not run in the same straight lines—and
more serviceable, because of the equality in the tension

of the threads by reason of their interweaving regularly

and equally throughout. This arrangement is extremely
simple, being upon the basis of what is commonly known
as an eight-end satin. In some cases other orders of

satin may be adopted, doubtless for a good and sufficient

reason. We must, of course, calculate the area we
proi^ose to give to the figure, and find the number
of ends and picks it will I'equire to occupy, and if

that number happens to be one which is not a mea-
sure of the number of hooks contained in our Jacquard
machine, which simply means the total number of

threads at our disposal for figuring purposes, then we
must alter it and adopt five, six, eight, or ten, as the

case may require. Again, perhaps the form of the figure

is such that an arrangement of eight spots in satin

order would give them the appearance of irregularity

;

if so, we must adopt some other system which is better

suited to it. For instance, an elongated figure may
frequently be better arranged with five or ten spots than

eight, because the order of distribution is not quite so

regular to the eye ; and this apparent irregularity may
be neutralised by the placing of the elongated figures,

and thus present a much more regular appearance. On
the other hand, as a matter of course, if the spot is regular

in shape, no method of arrangement can be better than

an eight-end satin. Although the example we have

taken for our illustration is a figure of a very stiff

character, and one which perhaps exaggerates the

difficulty, yet the rule is more or less applicable to figures

of every description, whether they be stiff or free in

their outline. No doubt the difficulty is greatest in

figures which vary so much in the length of " float

"

—that is, in the number of ends over which the weft

passes without interweaving. If they are pretty equal in

this respect, then the only reason for abandoning the alter-
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iiate order of arrangement is to prevent the figures from

running in straight lines across or the length of the piece.

So far we have confined ourselves to figures upon
a plain cloth, and formed with the material of which the

fabric is composed ; but we are not necessarily confined

to plain cloth ; we may figure with equal facility upon
twilled or satin cloth. In fact, we determine the fabric

first, and then figure upon it ; and the figure must be

made subservient to the structure of the cloth, not the

cloth to the figure. What we mean is, that we determine

the weight, quality, and texture of our cloth, according

to the purposes to which it is to be applied, and then

proceed to ornament it.

In ornamenting twilled or satin fabrics, there is

less risk of affecting the general character of the

cloth than in plain cloth, because the looseness of the

figure more nearly accords with the nature of it, the

looseness of the interweaving of the ground of the fabric

approximating more closely to the figure ; and as there

is necessarily more material employed, a slightly

increased looseness is not so detrimental. Further,

in cloths which have not a plain ground we employ
figures with more freedom of outline. In plain cloths

we are bound to consider the order of interweaving, and
as this happens at every alternate end, our outline must
necessarily be more or less stiff; whereas in a satin,

for instance, the interweaving would be only at every
fifth end, and we can, therefore, change from weft to

warp, or vice versa, with more freedom, and consequently
relieve the outline from stiffness. This is also assisted

by the increased quantity of material employed.

One feature of the arrangement of spot figures

must not be overlooked, whether we arrange them
alternately, or in satin, or any given order. If the form
of the figure is such that more threads are used in

one direction than the other, whether in the warp or

weft, by one spot, whatever number of spots are

employed, the whole must occupy a space proportionate
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to that occupied by one. Suppose, for instance, that one
spot occupies thirty ends, and only sixteen picks, and we
are employing five, eight, or ten spots, the number of

ends and picks which the whole number of figures

occupies must be proportionate to those occupied by one
spot. It would be absurd to put eight, say, of such spots

upon a square space; at some points, if they were not
actually touching each other, they would come very near,

while at others they would be very wide apart.

In many instances, when we figure with the ground
weft or warp, or even with both, upon a plain cloth, the

figure is not allowed to be quite loose, but is twilled, or

the warp and weft are bound together in satin order

;

and even upoi-i other than plain fabrics this may be done.

The first object in doing this is to give firmness to the

cloth, and sometimes also effect to the pattern. If the

spots be large ones, the introduction of twilling will give

more efiect, more light and shade, as it were, to the

pattern, and at the same time the cloth will be more
useful for wearing purposes, and there will be less loose

material on the surface.

Spot figures of the type of which we have been
speaking are amongst the simplest and easiest patterns

to produce. They require simple, methodical treatment

only. We take any small object, either from nature or

fancy, and distribute it in regular order and with
mathematical precision over the surface, so that the

designer's skill—from an art point of view—is called

forth chiefly in the selection of his object. ' He will have
no difiiculty in finding plenty to select from. If he
wishes to have large figures he has a great variety of

flowers, leaves, &c., from which to select, which readily

admit of variation, and which he may conventionalise to

an unlimited extent. If only small objects are required,

the number to choose from is even greater. The petals

of flowers, grains of corn, portions of leaves, and other

objects in nature, afibrd him unlimited scope.

In many cases small objects which are stiff in outline
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aro iirrans^ed in such order as to form a contiimoTis

pattern, like that shown in Fig. ^1, which mav be
compared to a series of intersecting diagonals, made by
objects each of the same size and shape. In patterns

of this type effect is frequently given by variety of

twilling, and at the

same time the balance

of pattern or loose-

ness of weaving is

regulated by it. In
this design, for in-

stance, the thick bars

where the weft is laid

loosely on the top of

the fabric are coinci-

dent with the plain

cloth, Avhilst at the

point where there is

little or no plain the

figure is twilled, thus

giving a balance or

equality of texture.

In the arrangement of these patterns too much
attention cannot be paid to such little matters, for

the same reason that in the small set spots we
distribute them in satin or some other order which will

equalise the interweaving. If our pattern wdll not admit
of such orders of distribution, we must take other means
of equalising the texture.

71. Floral Designs formed by the Ground Weft.
—In making floral designs, all the same conditions must
be observed as in the patterns of which we have just

been speaking. We must take care that our pattern

does not run in too straight lines either with the weft or

warp. It may be permitted to run diagonally, be-

cause that would not affect the relative tension of the

threads. Any inequalities may be neutralised by vary-

ing the twilling,- and by the same means variety giver

Pig. 81.
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to the pattern, and to some extent tlie absence of variety

of colour supplied.

In some cases, where the floral design is of a scroll

character trailing over the surface, after the fashion of

climbing plants, with leadingorprominent objects occurring

at intervals, it is well to arrange these first, so as to

ensure their equal distribution. They may be placed

in satin, or some other more or less regular order, and
the general body filled up afterwards, and in such a

manner as to relieve the stiff monotony of the regular

order of arrangement. If this is done judiciously, not

only will it assist beginners in their first arrangement

of original designs, but it k*eeps before their eyes

constantly the necessity of this regular order of dis-

tribution ; and a thorough conviction of the necessity of

this, so as to keep the fabric regular, is one of the surest

guarantees of success to the designer of textile fabrics.

72. Figured Stripes.—In many cases figures are made
to run in regular stripes the whole length of the cloth

j

that is, a stripe is produced upon the fabric by figuring

alone. It may be that the stripe is a floral pattern, and
the ground is eitlier plain or twilled, or has small spot

figures distributed over it. In such patterns care must
be taken as to the relative tension of the warp threads of

the stripe and ground fabric, or, if there be a great

difference, the warps for each respectively must come
from diff'erent warp beams, because it would require so

much more length of warp to make a given length of

cloth in one case than the other ; and if they both come
oflf the same beam, the same length of each being given

off', one would of necessity be much tighter and
straighter than the other. Of course the necessity for

two beams would only arise when the difference in the

orders of working made a very perceptible difference

in the tension of the warp. Sometimes the figure of the

stripe may be of the same character as the ground, but

differing from it either in some of the forms employed,

or in the arrangement or distribution of the objects, and
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the difference in the orders of working might be so

slight that there would be no real difference in the

tension, and consequently no need for the employment
of two warp beams.

73. Stripes which differ in Texture and Quality

from the Ground.—We have already referred to making
stripes finer than the ground, or what is called " crammed
stripes," but we spoke of them merely as plain stripes,

or simply twilled. The same class of stripe is also

largely used for figured goods. The ground of the fabric

may be either plain or twilled, or may have spot figures

over it—the last two are the most common—and the stripe

may be twilled or satin, and the figure running upon it.

This is by far the most effective method of making
stripes, because not only does the figure give character to

it, but its very closeness and compactness distinctly

mark it, and separate it from the ground. Again,

stripes of this description are frequently a different

material from the ground, as well as a different colour

or shade of the same colour. When we say that

these stripes are usually finer than the ground, we say

so in a very broad sense, or perhaps it will be better

to qualify it, and say that it is either much finer or there

is a greater quantity of material in a given space. For
instance, if the stripe be twilled, we may either have
more threads per inch than in the ground, or an equal

number of a thicker thread. The latter possesses the

advantage of being cheaper, but the former that of

superior appearance. If the stripe be a satin, we cannot

so readily resort to the thicker material only, as the

nature of the pattern requires a greater number of

threads to make it " cover " properly. In either case

there must be an increased quantity of material, whether
there be actually increased weight or not. If we simply

use thicker threads there will be increased weight, but if

we use more threads of a finer count the increase of

weight accompanying the number of threads is neutralised

by their fineness in a greater or less degree.
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In making figured stripes, the same rule must be ob-

served as in the combination of any two patterns in any
form—namely, that either the number of picks occupied

by the ground pattern, or whichever is smaller, must be

a measure of that occupied by the stripe or larger pat-

tern, or they must be continued to a point where the two
meet at the same time. In the majority of instances,

the stripe will occupy the greater number of picks, be-

cause that is usually the fancy portion of the fabric, the

ornamental part put on as a decoration to it. But this is

not the universal rule ; sometimes the gi'ound may be

figured, and the stripe a plain twill or satin introduced

to give relief to the ground. This may be detei'mined

variously by the caprices of fashion, or the uses to which
the article is to be applied. An example of each kind
is given in the coloured plate I.

When the figuring occurs on the stripe, the best effect

is generally obtained by having the ground darker than
the stripe and solid in colour; that is, the weft and the

warp of the ground both alike in colour, whether they are

in the material or not, and the warp of the stripe either a

lighter colour, or a somewhat lighter shade or tint of the

same colour. By this means the figure on the stripe will

be darker than the stripe itself, and will therefore give

more effect to it. Where it is a plain stripe upon a

figured ground the same rule will apply to some extent,

but more liberty may be taken. A light figure upon a

dark stripe will give a rather "seedy" appearance, it will

be wanting in force or character, but a dark solid stripe

upon a light figured ground will not be deficient in the

same degree. Or even if the plain stripe be of the same
colour as the ground, it will be more pleasing than a

figured stripe upon a plain ground of the same colour.

In the first case the stripe will break, and give relief to

the figure, but the plain ground cannot give relief to the

figured strijje to the same extent. Of course this will

somewhat depend upon the relative quantities of stripe

and figure ; if they are equal, or nearly equal, the
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condition will not be exactly the same as if the ground
be three or four times as broad as the stripe. The
designer must be guided by this in his use or non-use of

different depths of colour, as well as by other circum-

stances accompanying it.

74. Figures running over both Stripe and Ground.
•—'Although we have been speaking of figuring the

ground and stripe separately, we are not, necessarily,

bound to confine ourselves strictly to that. Very
excellent effects are produced by letting the figure run
over both stripe and ground ; in fact, arranging the

pattern as though the stripe had no existence. This

may be done whether the stripe be finer than the ground
or not, though in most cases it has most effect when stripe

and ground are equal in all respects except colour ; as,

for instance, if the fabric is a fine satin throughout.

Again, very pleasing effects may be produced by letting

the figure run over the ground in sprays, and have the

termination of its branches in the stripe ; and this may
be done either when ground and stripe are equal or

otherwise. Probably in such cases the best effect is

produced when the stripe is finer than the ground, as it

will give a more striking contrast to the terminals of the

sprays. If the object of running the figure over ground
and stripe alike is to break up the stripe a little, and make
it lose some of the harsh straight outline which usually

distinguishes stripes, it will be better to let the stripe and
the figure occupy different numbers of ends, or, in other

words, occupy different spaces. Suppose, for instance,

that ^^ ^ stripe is repeated every three inches and the

figure every four inches, then the strijDe will not be
broken by the corresponding part of the figure until it

has been repeated four times and the figure three times,

so that it is relieved considerably of the monotonous
repetition which would present itself if the stripe were
broken all across the piece at the same point. This, of

course, may or may not be an advantage, but in most
cases it is a most decided one, because the harsh outline
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and the individuality of tbe stripe are more completely

and effectively broken up. We give examples in Plate II.

of two figured stripes, one of which has the figure

running indiscriminately over the surface, and the other

having the terminals of the sprays in the stripe. Some-
times small stripes are made running in thin, straight,

lines, and broken either with figures similar to those

shown in Plate II., or with small spot figures arranged so

that they fall across the stripes and break the lines.

Such spots are best arranged in satin order, so that they

don't break in straight lines across the piece. In fact,

the same reasons prevail as for the spiral scroll and other

similar figures previously mentioned to prevent the too

frequent repetition of the break in the stripe from being

in the same straight line.

75. Figured Diagonals.—In addition to figured

stripes there is another class of figures nearly akin to

them—namely, figured diagonals, or stripes arranged

diagonally across the fabric. These, of necessity, difier

from stripes running the length of the piece, not only in

appearance but in the order of arrangement ; and
while in figured stripes we may have the stripe different

in both colour and fineness from the gi'ound, we cannot

have it so in diagonal patterns, from the fact that the

diagonal stripe must be made of the same warp or weft

as the ground. We might introduce extra material for

producing the diagonal stripe, but as we shall show when
dealing with the question of figuring with extra material,

we should add to the weight of the cloth considerably

;

and at present we wish to deal with figures formed by
the material composing the ground cloth only. It may
be said that in dealing with stripes of a different colour

from the ground, and, perhaps, in. different material also,

we are ornamenting with extra material. That is

quite true, but it is not figuring with extra material in

the general acceptation of the term. When we are

making that stripe, it forms the whole fabric at that

particular place ; there is no ground cloth under it

;





Plate II.
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while wliat we usually mean by using extra material is

that the ground cloth runs throughout, and the extra

material figures iqoon it, and does not enter into the body

of the fabric, excej^t to form figure.

Then in figured diagonal patterns we are dependent

upon form or variety of lines to produce variety of pat-

terns ; unless we do introduce extra material we cannot

resort to variety of colour to assist us. But even when
confined to single colours, we may produce great variety

of patterns. In the first place, our pattern may consist

more or less of scroll or sprays, running continuously

diagonally, yet the variety of forms may break the

rigid straightness of the line, or we may use straight

lines with floral or other spots introduced at intervals

between the lines. Again, we may use the straight lines

combined with the scroll, and the scroll may be either

confined strictly between the lines, or, like the stripes,

it may break through it at intervals, regular or irregular.

In fact, all that has been said of producing figured stripes

so far as the design itself is concerned, apart from the

use of colour and varying degrees of fineness, applies

equally to figured diagonals. One remark which was
made in a previous chapter in reference to small diagonals

with spots running between them, also applies here

—

namely, that the number of ends occupied by the figure

counted in a diagonal direction^ must be a measure of the

number occupied by the whole diagonal, or the pattern

must be repeated to a number of which each is a measure.

It is even more important that this rule should be borne

in mind in commencing to make a large figured diagonal

than in a small one, because any discrepancy between
the number occupied by the diagonal and the figure

respectively would lead to the necessity of carrying the

design out to an immense length, and the increased

number of ends employed makes it so much easier to

arrange before the design is commenced that the two
numbers shall coincide than is the case in smaller

patterns. We might say that a little carelessness or
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ignorance in the application of this rule will lead to a

great waste both of labour and material which might
quite easily be saved.

76. Combination of Figured Stripes and Diagonals.

—Not only may we make figured stripes and diagonals,

but we may also combine them, running figured diagonals

between the stripes. In the arrangement of such patterns

the rule of determining the extent of the design will

apply as to stripes, but it need not apply as to diagonals.

The diagonal must be repeated so as to show no break

throughout the length of the piece, but it is not neces-

sary that it should be a true diagonal across the piece.

It is broken up, as it were, into long narrow strips con-

tained between two parallel lines ; then it must be per-

fect as between these parallels, but it need not be arranged

so that it would be a perfect diagonal if these parallel

lines or stripes were removed. Perhaps if the stripe

were a very narrow one it would have a much better

appearance if it were so arranged, but if the stripe be

sufiiciently broad to prevent the eye detecting any break

in the continuity of the diagonal^ it would not matter

whether a break occurred or not. True, the efiect would,

in most instances, be more pleasing could any break

—

whether actually visible or not—be prevented ; but w^hat

we mean by calling attention to this is, that if any
extension of the design were necessary to prevent this

break, provided no actual fault would be visible, it

would be more economical to allow the break to take

place, because it would, in many cases, require—in order

to avoid it—an extension of the Jacquard power, and
probably also a greater number of picks in the pattern,

which would mean the use of a greater number of Jac-

quard cards, and consequently entail more labour and
expense in producing the design in the fabric ; and whi-n-

ever labour and expense can be saved it is certainly

advisable to do so.

77. Figured Checks.—In addition to stripes and

diagonals formed by figures, we may also make checks or



Chap. VI.] FIGURED CHECKS. 129

stripes crossing each, other at right angles. These may
be classed generally under three heads :—First, when a

figured check encloses a plain, square space ; second,

when a plain check encloses a square figured space (in

both cases the check lines being equal in texture and
quality to the space enclosed) ; and third, when the

check lines are diflerent in quality and texture to the

space enclosed.

In arranging designs for the first of these care must
be taken that the figures running across the piece and
those running the length of the piece join perfectly to

each other. The two portions of the pattern must not

have the appearance of having been made at different

times, or by different hands, and put together by chance

They must combine to form one complete whole. They
must be part and parcel of the same idea, otherwise

there will be an incongruity about the pattern which will

be most offensive to the eye. Patterns of this kind in

the hands of a begmner are, perhaps, the most difficult

to manage j the point of junction is often to him a

source of much trouble. It may not, perhaps, be such a

very difficult matter when making a design upon plain

paper, but when he is applying it to the fabric, where he
has to follow the warp and weft thread by thread, he
often finds considerable difficulty. Tliis difficulty is by
far the greatest if the pattern has any stiff", rigid lines.

These must fall in and join to each other perfectly. If

the slightest break occur, it will be immediately visible.

If the pattern run in flowing, graceful lines, the diffi-

culty will be lessened, because a slight deviation will

not be in any way detrimental, though it must never
be attempted with stiff" lines. The length of the lines

must be measured with the most perfect accuracy,

and the chief points carefully marked out upon the de-

sign-paper, so that nothing which will aff'ect or be likely to

affect their joining properly will be left to chance. We
liave thought it well to give this warning most explicitly,

knowing the liability of the beginner to faK into error,
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which would result in spoiling his whole pattern, and
compel him to begin the task again.

In the second class, where a figure is surrounded by a

plain check, there is no necessity for this caution.

Each square of figure is complete in itself, and, even

more than in the striped diagonal, no regard need be

paid to its continuity. It may be treated as we might
treat a tile, or any square article with a figure in its

centre and a border surrounding it. This border will

prevent effectively the adjoining square from interfering

with it. In fact, the different squares need not be all

alike ; different patterns may be alternated, and as much
variety as the extent of figuring surface will permit may
be introduced. There is no difficulty in arranging designs

of this kind for the fabric.

In the third class, where the check surrounding the

figure is of a different quality from the ground, what has

been said of the second class applies exactly so far as

regards the figure, but in respect to the check itself some
knowledge of the structure of fabrics is required. We
may say that it is a combination of two stripes placed at

right angles to each other, both of which are finer than

the ground fabric which they surround or upon which

they are placed. Now, whatever may be the texture and
degree of fineness of the longitudinal stripe, that of the

transverse stripe should be exactly similar. If these

two stripes or sets of stripes be much heavier or more com-

pact in their structure than the grou«nd cloth, they will

exert a power over it, and cause it to " cockle " or curl.

On the other hand, if the ground be firmer in texture

than the stripe, it will exert a similar power over the

stripe.

From the very fact that the stripes are finer, contain-

ing a greater number of threads per inch than the

ground, they must be more loosely interwoven, so as to

allow of this increased quantity of material being put in.

This being so, if the relative quantities or thick-

ness of the materials of the ground and checking be
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not properly proportioned to the order of interweav-

ing of each respective!j, trouble must of necessity ensue.

Therefore, too much care and attention cannot be paid to

the subject before actually attempting to make the

pattern.

78. Diaper.—In all the patterns with which we have
been dealing we have assumed that the figure is formed by
the warp and weft ceasing to interweave with each other,

or if not entirely ceasing, interweaving only very slightly

—just sufficient to hold them together and prevent

them from appearing as so much loose material, or

to give some special effect to the design. We may now
turn our attention to a class of figuring in which
throughout, both in figure and ground, they are equally

firm in texture. Such patterns are variously known as

"diaper" and "damask." The former is not so much
used as it once was, the latter, which permits of much
greater variety of form in the figures, having, since the

great development of the Jacquard machine, almost
entirely superseded it. However, both are alike in the

principle of structure of the fabiic, and it is probable
that diaper preceded and was the original of damask,
which, with improved machinery,

has developed into a more perfect ygHnHnnDBllSglBa
and pleasing class of designs. HngBBSSBSSSISSS!

In Fig. 82 we have a plan of gBgggSaSSBSggllg
a diaper pattern of the simplest BggBBggaSggSSgSI
kind, which will convey most BggilggSBggBBggB
readily an idea of the principle gUggilggRBggBBg
upon which the fabric is con- BggSSggSBggBBgga
structed. On the first eight ends gUgglSggBBggBBS
and picks it will be seen that the Pig, 32.

weft comes to the surface, forming
a four-end twill, and for the next eight ends exactly the
reverse taking place. There is still a four-end twill

formed, but running in the opposite direction, and with
the loarp brought to the surface. Por the next eight

picks the conditions are reversed, the ends which went
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to the back at first now coming to the face, and those

which were on the face going to the back, and the twills

turning in the opposite direction at the same time.

Throughout the whole system of diaper weaving this one

principle is followed. The figures are formed by the

warp and weft changing places from back to face and

vice versa. In whatever direction the twill runs when
the weft is on the surface, it runs in a contrary direction

when the warp is on the surface ; consequently both sides

of the fabric are alike in pattern, and, what is quite as

important^ the fabric is equally firm in texture through-

out. There is no loose material on face or back.

The pattern we have given in Fig. 82 would form a

simple chequer pattern, but generally they are of a more
elaborate character than this. The intervals of changing

may be varied to any extent, and not only simple

chequer patterns produced, but others which may almost

be called figured goods. In all true diapers the chief

characteristic of the pattern is that it runs in squares

;

the whole design is simply the changing of the order of

working, as shown in Fig. 82, in various-sized squares or

parallelograms. Tig. 83 is a plan of one in which there

is greater variety than in Fig. 82.

DnnnDnDDilnnlS I* i^ ^^^ carried out to the full extent,

SilBBiSIBallaa ^^r shows the twilling, but is simply

nnBnBHaDBSHBii made upon paper to explain the pat-

EISSSSSSBBIbBB tei^H' I^ arranging designs for dia-

SSEiSSSSBBiSBB P^rs the plan adopted in Fig. 83 is a

SSISSSiSBBiEBB ^^ry general one—at least, when

ESEIiiiaBBSEBB woven as diapers formerly were, with

Fig. 83. healds. The warp is divided into

divisions of four or more ends, ac-

cording to the pattern ; each of these divisions is repre-

sented by one of the spaces on the paper, and all the

divisions which correspond in their order of working

have their warp threads drawn through the same set of

liealds, so there are as many divisions of healds as there

are divisions of the pattern which are difierent from
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each other in their order of working. So that, as will

readily be seen, very large patterns may be produced

with a very small number of healds ; and if each of

the spaces given on the paper represent a division

of four ends, the whole pattern will be four times the

size of that represented. Of course, what is said of ends

applies also to picks.

There are many small patterns in both linen and
cotton goods which are known as diapers but are not

in reality such. They are simply small figures, many
of them made on the principle we have before described

—namely, a loose weft or warp figure upon a plain or

other ground.

It may seem that if diapers are, as shown here, a

mere combination of twills for the purpose of producing

patterns, that the subject should have been treated under
the head of figuring with twills in a previous chapter.

Strictly speaking, that is so ; because they are not only

patterns which were always produced with healds in the

days when they were most largely used, but the character

of the pattern altogether would place it in the category

of those with which we have already dealt. Our sole

object in reserving it for this chapter has been to use it

as an introduction to damask. In speaking of diaper

patterns we have referred to them as being regular twills

reversed to form patterns. This is a perfectly accurate

description of the great majority of diapers, but some-
times instead of a regular twill a satin would be substi-

tuted, the pattern still being arranged in straight lines,

squares^ or parallelograms.

79. Damasks.—The structure of damask is precisely

the same in principle as that of diaper. The figures are

not arranged iu straight lines or squares, but are gene-
rally more or less of a floral character.

It is supposed that the silk weavers of Asia invented
diaper weaving. Damask, which was formerly made
entirely of silk, though now both of worsted and linen,

takes its name from the city of Damascus, whence it
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is supposed to have come. So that it is pi^obable that,

as we have ah^ady said, the diaper is the original of

the damask ; and although we now apply the name
exclusively to the class of patterns we have been des-

cribing, yet the two are practically the same thing so

far as structure of the cloth is concerned, and the one

is the outcome and development of the other so far

as character of design goes.

In damask figuring we have, perhaps, more scope

for producing large figures than in any other mode.
Generally the ground is warp satin and the figures weft
satin, or it may be the reverse. In either case the

binding of the weft and warp together is the same in

both ground and figure, so that the cloth is equally firm

throughout. That being so, figures as large as we please

may be introduced. It is not a question of having so

.

much loose material on the face or the back, but
merely the exchange of places of warp and weft, the

two continuing to interweave in the same order which-

ever may be uppermost. One matter relating to the

structure of the cloth requires notice here. We have
said that to have a perfect structure of cloth the

relative proportions of warp and weft must be re-

gulated by the pattern of the fabric. In damask
weaving what is termed the pattern of the fabric is that

of the ground, or the general order of interweaving,

which is usually a satin. To make a satin perfect with
the warp predominating on the surface, we say that there

should be a greater number of warp threads per inch

than weft ; and if the weft be on the surface, there

should be a greater number of weft threads per inch than

warp. Now, in damask we h^ave the warp and weft on
the surface alternately, and each weaving as a satin.

Perhaps there may be nearly equal quantities of each,

and at any rate both are on the surface at different

parts of the cloth at the same time ; then it is quite

impossible to comply with the conditions required to

produce a perfect satin. V/e cannot make either material
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pred'Ominatejust at the point where it comes to tlie surface,

and nowhere else ; if one predominate it will do so not

only in the figure or ground, but in both. Then we are

reduced to the necessity of making the fabric equal

both ways, that is, warp and weft will be equal both in

quantity and thickness. But that equality will not be

the same as for a jDlain cloth. In plain cloth, we say, to

make perfect structure, not only should warp and weft

be equal in quantity and thickness, but the intervals

between the threads should be equal, or nearly so, to the

diameter of the threads, so that warp and. weft threads

may bend round each other equally. In satin cloth the

threads do not interweave alternately, but at least once

in every five. Then our threads must be closer together

than for plain cloth; but as both sets of threads come
to the surface neither must be set so closely as if only

one were intended to come to the surface, but just so that

both warp and weft will have to bend a little out of the

straight line, without departing so much from it as m
a satin of a perfect type.

The outcome of this must be, then, that in a damask
we cannot have a perfect type of a satin. We certainly

cannot, but we must come as near it as we can, con-

sistently with the fact that both sides must be equally

perfect, and not one side only. An examination of

damask cloth, either in linen or worsted, will convince
even the merest tyro of this, and more especially if he
compare it with satins which are not figured after the
style of damask. Instead of there being a fine unbroken
surface, presenting only one set of threads to the eye,

either in the ground or the figure, and all the points
of interweaving of the warjD with the weft being hid, he
will see the weft come through to the warp surface, and
the warp come through to the weft surface. The
thicker the threads employed the more apparent will

this be, and the thinner the threads the less will this

be Adsible. The reason is not hard to find. Where
the threads are thick the point of interweaving is
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more difficult to cover, by reason of their bulk, even if

the threads on each side spread out pretty well ; but if

the threads be thin, and those on each side of the point

of interweaving spread out slightly, it will ha\'e a better

chance of being covered; hence fine cloths present a

more perfect appearance than coarser ones, although the

diameters of the threads in both bear exactly the same
ratio to the number in a given space. Although damask
patterns are usually made upon fabrics with a satin

ground, and the figure, as we have said, is produced by
the warp and weft exchanging places on the surface, yet

they are not necessarily confined to that only. As in

other fancy cloths, variety of working may be intro-

duced to give more efiect to the figure. At points

where some special effect is desired the satin may be
exchanged for a twill, and the twill may be varied in its

direction, or even in its order of weaving. Sometimes
small spots of weft or warp are introduced to give

additional varic^ty and effect to the pattern, but in all

cases care must be exercised not to make the fabric

too loose at any point. The general practice is to

make these goods all of one colour, as, for example, in

linen table-cloths and similar articles, and again in

Avorsted damasks for furniture purposes. So that the

whole effect of the pattern is dependent upon the thi-eads

of which it is composed, and which are placed at right

angles to each other, being brought to the surface

alternately, according to the form of the figure, and thus,

by the light falling upon them at different angles, relief is

given. It will be easily understood that a little variety

in the order of interweaving the threads in the pattern,

instead of keeping strictly to the ground pattern as satin

will give a pleasing effect of light and shade to the whole.

80. Combination of Damask and Repp.—Another
type of fabric which is much used for furniture pur-

poses is one which may be termed a combination of

damask and repp, or a repp fabric with a damask figure

upon it. The general body is constructed on the
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principle mentioned in the first chapter, with a number
of threads together as one, alternated with a single

thread, and the ground of the cloth woven plain, so that

all the tliick or combined threads when passing over the

pick form a distinct rib across the piece. For the

purpose of figuring, those thick threads are allowed to

" float " or pass over all the weft picks, so that they

present a flat surface of loose warp upon the ribbed

ground. This is all very well where the figures are

small, and make stifi'-looking objects, which run either

across the piece or in diagonal lines ; but if the figures

are too large or too long in the direction of the warp
there would be too much looseness, more especially for

use in connection with articles of furniture, such as

covering of chairs, &c. Then to prevent this looseness,

and to enable the designer to employ large figures, the

threads which combine to make a thick one are sepa-

rated in the figuring, and woven into the ground weft in

the order of a satin or twill. By this means not only

the flat surface required is produced, but with the

number of ends which they make when separated they

cover the weft and the points of interweaving most effec-

tively, and make a firm fabric ; and in this, as in the

damask proper, great variety may be obtained in the

pattern by using a variety of twilling to give shaded ef-

fects. From the very boldness of the ribbed ground, the

prominence of figures formed by the thick threads where
they are not separated, and the flatness of the figure

where they are separated, more effective and striking

patterns may be made upon fabrics of this class than
upon the ordinary damask. Quite as much extent of

figuring can be produced, either floral or otherwise, and,

of course, greater variety of effects. If proper regard be
paid to the relative thickness and number of the threads

according to the pattern, the cloth will be a most useful

one also ; but if this be neglected, in common with all

repp goods, they will be liable to " fray," and be unser-

viceaUle for wear.
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81. Figuring with Extra Material—Extra Warp.

—

We have now examined pretty fully into the question of

figuring with the material of which the fabric is com-

posed. We must next enter into figuring with extra

material, or the introduction of weft or warp, or both,

for the purpose of forming pattern.

We shall now begin to find our knowledge of double

cloths of value ; for the whole system of figuring witli

extra material may be said to be based upon double

cloth, although two cloths are not actually formed.

Even though we may not actually form two distinct

cloths, yet we have one warp and weft making the fabric

proper, and we have another weft, or warp, or both,

forming figures upon it. In some instances, where we
use both warp and weft extra, we may be said to actually

form double cloth, at intervals, at any rate ; because if

the extra materials interweave to make a figure, they

will, as a matter of fact, at that point form a cloth

of their own, separate and distinct from the ground
cloth.

We will deal with this subject under the three

distinct heads :—First, where extra warp only is used
;

second, where extra weft only is used ; and third, where
both extra weft and warp are used ; at the same time
the combination of figures formed by extra material

combined with those formed with ground material must
be shown.

We Avill first take figures formed with extra warp,

and deal with it in stripe form. Suppose we make
a perfectly plain cloth for the ground, and we wish to

make a stripe upon it either figured or otherwise ; we
arrange the stripe ends in such a manner that they pass

alternately to the face and back of the cloth, according

to the pattern, but they take no part whatever in the for-

mation of the cloth. When they come to the surface the

ground cloth remains plain underneath them, and when
they go to the back the ground cloth remains plain above
them. Fig. 84 will represent a longitudinal section. In it
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tiie ground cloth is shown as being quite plain through-

out, and the thick thread, which represents the extra

warj), is shown as passing from one side of the cloth to

the other to

form figure.

In the ar-

rangement Eig. 84.

of fabrics

figured in this manner, the first condition, to ensure

the figure bemg solid in appearance and efiectually

coverinor the ground, is that the extra threads should

be set as closely together as ever they can be, and that

they shall be of sufficient thickness to cover the inter-

stices between them as nearly as possible. Those extra

threads must, of necessity, be alternated with the

threads of the ground warp ; then, to ensure this solidity

as far as may be, two conditions are requisite in the

ground fabric : first, the ground t'lreads must be set

closely together, and second, these threads must be

as thin as possible ; and further, there should not be

more than one ground thread between the extra ones.

Suppose that the ground warp is set very openly, the

extra threads have not only to fill the space between
them, but it must spread out so as actually to cover

them. If the diameter of those extra threads be less

than the spaces, it cannot, of course, even cover these

spaces ; and if the diameter and space be equal, it of

course can do no more than cover the space, so that

there would be a space between each extra thread equal,

at least, to the diameter of the ground thread, and that

could not possibly show a solid compact figure on the

surface. Again, if the space between the ground
threads be small, but the threads themselves be thick,

extra ones would undergo some compression at the

the point where they are passing from face to back
or from back to face, but they will still be unable

to spread out enough to cover the thick ground
threads ; then there is only one alternative : if the
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figure must show a solid surface, the diameter of the

extra threads must be equal to hoth the diamieter of the

ground threads and the spaces between them. It will

then, at the point of changing from one side of the

cloth to the other, undergo a compression equal to the

diameter of the ground thread, or rather the two threads

together—ground and extra—v*dll undergo this com-

pression ; and as the extra one issues from the cloth

it will spread out to its full diameter, and so cover

the ground effectively. If the " floats " on the surface

be very long there will be all the better opportunity of

covering, but if they be short these opportunities will

be decreased. Now with regard to the question of

compression. If the ground threads be " soft spun "

—that is, not having much twist in them, the fibres

lying loosely together—they will be all the more sub-

ject to compression, and the extra ones will keep near

their natural state. On the other hand, as is most
commonly the case, if the extra threads be soft they will

undergo the compression. Probably the latter alternative

is the better, more especially if we look at it from a

practical point of view. The ground threads have to

bear all the strain of weaving ; they form the wear-

ing cloth ; they really constitute the fabric. The
extra thread simply ornaments ; therefore, for the con-

venience of the weaver, and to obtain the strongest cloth,

the ground threads should be tolerablj^- firm in their

structure, and we may have the figuring threads soft and
loose, so as to cover the ground in the most effective

manner. We have been speaking now on the assumption

that the ground of the cloth has to be absolutely

covered by the extra material. We have done so to

illustrate more clearly the true basis upon which we
must work. It is well known that a succession of

sounds, if sufficiently rapid, conveys to the ear the

impression of a continuous sound ; or, in like manner,

a succession of sparks will convey the impression

of a continuous line of light; then, if the colours of
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our extra warp be brighter than the groimcl, as they

usually are, although they do not entirely cover the

ground, the spaces between them may be so small that

they will convey to the eye the impression of solidity,

or continuity of colour.

If we wish the stripe to appear solid, like some of

those of which we have already spoken where they are
" crammed," or have double the number of ends in a given

space of stripe to what there are in the ground, we cannot

obtain it so perfectly by treating it as extra warp, and
allowing the extra warp to form figure upon plain ground,

as if we employ all, both ground and extra, of the same
colour to form the stripe. Nor will it have the same fine-

ness of appearance. This will be very easily understood;

by bringing extra warp to the surface to figure upon the

ground, only half the quantity is presented to the eye

that there would be if both ground and extra combined
to form the stripe ; and whether the stripe be twilled or

satin, it must appear finer in the latter case.

On the other hand, the ground cloth being quite

plain under the stripe will give a firmer and stronger

fabric, and there will be less tendency to " cockle,"

because of the texture being equal throughout. Again,

from an economical point of view it may be advanta-

geous. If the ground of the cloth be of cotton warp,

and the stripe silk, it will be much cheaper to make it

as an extra warp stripe, because only half the number
of threads would be employed. Perhaps those would
have to be somewhat thicker than if the whole were silk,

but still there would be an economy, though we must
again say not so good an appearance.

It is not often, however, that this system of

working is resorted to for the making of solid coloured

stripes ; more generally it is employed for figured ones,

and then it certainly does possess advantages. The
figure may be approximately solid in appearance and
well defined, and the stripe may be broken up as much
or as little as may be desired by the figuring.
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Perhaps it will be necessary to show the arrange-

ment of the design upon paper for figured stripes of this

description. Fig. 85 is a design for
DDHnnnHnnHHBDBHa « einnn ficmrp T+, will V»p ^ipptiDnnHnnBHHnaaHnn ^ sman ngiire. u, wiu. oe seen
DnBnnBHBDsaHgnHn that every alternate end weavesBDDBBBDE
gSSlSlggghSBSHSS qnite plain, and the figuring ends

gKBySgRSBSSSiSi form figure only, and consequently

SBananDaSInBaann ^^7 ^® brought to the surface as

BnnBBinBBlnnanDD ^^c^ or as little as we please. The

BBDlSinaSnnngBna %^i^e may be large or small, or the
0|gHygHgngsgnHH| gtHpe may be broken up so that

Fig. 85. there is little semblance of a stripe

left, or it may remain nearly solid.

"Very frequently, although the warp is introduced in

stripe form, no stripe is formed, but merely spots ; the

warp coming to the surface to form the figure, then

passing to the back and remaining there until required

to form another spot. If the spots are some distance

apart, the loose material at the back must be dealt

with. It must not be left loose for any length ; it

must either be bound at intervals into the cloth, or cut

away. Sometimes difficulties arise with this loose ma-
terial. If the cloth be a thin one, and more especially

if it be woven quite plain in the ground, the loose

material which is not figuring cannot be bound into it

without showing through to the surface, and it would
be most objectionable to have it showing through in dots

at all the points of binding. Thus there is no alterna-

tive but to cut it away. Then, again, another difficulty

arises. If after forming the figure on the surface it

simply pass to the back, as shown in Fig. 84, and we cut

away that which is at the back, there will be nothing to

keep the figure on the cloth but the slight pressure of the

ground threads upon the figuring threads at the point

where they pass through the cloth. This would cer-

tainly not be sufficient, at any rate, if the cloth is to be

applied to any useful purpose. The least rubbing on the

figure would bring it away from the cloth as so much
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loose yarn. Then we must bind it into the cloth

round the edges of the figure. The best method of

doing this is to let the extra ends weave plain into the

ground cloth all round
tiie nguie loi a buuicieiii; nnnDDnnnanBaanannDnDDDDn

unr-n -mnv "hp r-\it from tlip DnnGcaGSBBsaQ^Buannnnnaayam may ue ouu iiuiu unt; GnM^scsa^ssscsnaDGDnrnna
ViQplr Vm+ 1+ TrnKsf "not "hp DGGanCSMBHBBBuaGGGGGaanaoacK, out; ih musL noL oe DaHaHGBHBBaBHGGaGGnGGDna

A. „,,-4.p plncjp to +"hp DBGaaGBBBaaBBGgGSGGnGann
Lwjj quiie ciOfc>e lu tut; nGBGHDaBHaaBaaGaGcaGaaGG
plo+h TTio- Rfi i«j a nlnn DanacaaDBBBnaGBGGGGCnGCr'ciODn. j:ig. oo is a pian aaDBDBDBnGHQaDaccDDDD
of a small spot showing Fig. 86.

the binding around the

spot. If this binding can be introduced as part of

the figure it will be all the better, and if some
more can be introduced into the body of the figure

better still. This may be done, not only as a species

of shading to the figure, but also to give variety of

effect to the colour. This subject of binding also

brings another matter before us. We very fre-

quently have to give variety and character to our

figures by what might perhaps be called light and
shade ; that is, we wish the figure to vary in the degree

of prominence given to its various parts. At some
points the colour should appear in its full intensity,

at others in a somewhat subdued form, and again at

others be modified to the extent of being almost

invisible. To obtain these effects we must bind the

figuring material into the body of the cloth in a suffi-

cient degree, and in such order as will reduce the colour

to what we want. This binding we may vary as we
please. We may twill in either a bold or a very firm twill,

or we bind in plain or satin ; our twill may throw a pre-

ponderance of the material to the face, or it may throw
it to the back ; in fact, we may bring as much or as little

as we please to the surface, and so produce any effect

\pe desire.

If the fabric upon which we are figuring with extra
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warp be a heavy one, we can deal much more readily

with the binding. Should the ground be twill or satin

instead of plain, we can bind into it at ^dll, without its

showing through to the surface, upon the same principle

as binding double cloths. In fact, where the extra warp
comes, we treat it as a double warp cloth, except where
it is forming figure. In such cases it is not often neces-

sary to cut away loose material at the back. Having
facilities for binding, it is better to do so, not only

because of the saving of labour, but also because the

figure will be less liable to pull out in wearing. Where
cutting is resorted to we can never be quite sure that

the binding round the edge of the figure is sufficient,

more especially if cut too close ; therefore it is not

desirable to resort to it, except under circumstances

which admit of no alternative.

In addition to spots or stripes formed with extra

warp, we may figure all over the fabric with it, and by
this means produce not only very pretty, but very elabo-

rate designs ; for we may use more colours than one, and
even with the use of one colour we have excellent scope

for making pretty patterns. We have two illustrations

in Plate 3 of figures formed with extra warp, one with

the use of one colour only, and one with two colours.

With regard to the arrangement of these two colours,

they must of necessity be arranged in stripes in the

warp, that is, a given number of ends of one colour, and

a given number of the other, and so on. The first

object, however, must be to arrange the design so that

these stripes are not too apparent on the surface ; the

figure must be broken up in such a manner that the

existence of the stripe is not too plainly visible, at any
rate to the untrained eye.

This breaking up of the figiu'e may be very mate-

rially assisted by the use of figuring wdth the ground

material along Avith the extra warp, and if judiciously

done, very pleasing eflfects will be the result. Again, to

assist the breaking up of the stripes, we may vary them
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as much as ever we please in size, and at the same time

we shall be varying the sizes of the diiferent figures

formed by each colour respectively at various points.

In arranging designs for figures formed with extra

warp upon the design paper, proper regard must be
paid to the relative quantities of warp and weft.

Suppose all over the piece the extra ends are alter-

nate with the ground ends, and that the quantities

of ground weft and warp are equal, then the total quan-
tity of warp will be just double that of the weft. In
that case if the Jacquard machine with v/hich we are to

weave the cloth has eight rows of hooks, our paper must
have eight divisions in one direction and only four in the
other—what is known as eight by four paper. If we
were to use paper equal both ways, the figure would of

course be distorted, the width on the paper being
double that of the length, if it were to be correct in the
cloth; and if correctly drawn on paper, it would be
drawn to double the length on the cloth in weaving.

82. Extra Weft Figures.—We now come to the
question of figuring Avith extra weft. This mode of
figuring possesses decided advantages over the system
with which we have just been dealing, and has but one
disadvantage compared with it. When we figure with warp
alone we weave as if we were weaving a plain, twill, or
satin cloth only ; the w^eft which forms the ground serves
also to bind the figure. Consequently we can weave at a
more rapid rate, having to pass the shuttle a sufficient

number of times to make the ground cloth only, where-
as in weaving with extra weft we have to form the
ground cloth and pass the shuttle to form the figure
also. On the other hand, in warp figuring we have
the warp very crowded. This adds to the diffi-

culty of weaving if carried too far, so that in most cases
we are confined to the use of one colour only, or if we
use more, they must be arranged in stripe form, as shown
in Plate 3. Now, in figuring with extra weft we may
use as many colours as we please ; it simply means the

K
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use of SO many more shuttles, and so much additional

weaving ; that is, the shuttle has to be passed through
|

the warp so many more times, though this is necessarily

accompanied by slow production. Again, by the use of

the " swivel " we may dispense with the loose material

on the back, and use only just what is required to form
the figure ; and there is also an advantage in putting the

pattern upon design paper, no distortion being necessary,

as we shall show.

All that has been said respecting the relative thick-

nesses of the figuring and ground threads applies to weft

figures equally with warp figures.

It is not often that continuous stripes are formed
across the piece with extra weft, though it may perhaps oc-

cur sometimes. If it does, however, it will generally be in

conjunction with warp stripes, so as to form a check pat-

tern, though it frequently happens that the weft is

thrown all across the piece to form spot figures. In such

cases, what has been said of binding and of cutting off

loose material in warp stripes will exactly apply also to

weft, so that we need not enter further into the considera-

tion of that question. Let us, then, tui:n to the discus-

sion of figures formed with the " swivel," and see what
are the advantages to be gained.

What is known as the " swivel " is an apparatus at-

tached to the loom, and carrying a series of small shuttles,

each being intended to form a separate spot ; and in

the process of weaving, after the shuttle carrying the

ground weft has been passed through the warp, the
" shed " is opened, or the warp threads are separated

for the weft which is to form the figure, and instead

of one shuttle being passed all the way across the

loom, carrying weft which has only to form figure at

intervals of two, three, or four inches, a small shuttle is

passed through the warp at each figure, so that each one

is formed by its own weft and with its own shuttle.

The advantage of this is obvious at first sight ; there is

no loose material to deal with on the back, and conse
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sequently no need either to bind into the fabric or cut

away. Again, as each figure is formed witJi a shuttle of

its own, they may be of different colours ; whereas, if

one shuttle must serve them all, they will, of necessity,

all be of the same colour.

The swivel, from the fact of its being a series of

shuttles, is specially adapted for the production of spot

figures ; and the shuttles all being of a given size, and
set a certain distance apart, necessitate the figures

being set in like manner ; in fact, the position of the

figures is determined by the position of the shuttles,

and the distribution of the figures is determined by
the number of positions in which the shuttles can be
placed. We have in Plate 4 a small figure formed
by a swivel. An examination of the figures will show
that the space occupied by the figure is much less than
that between them. Generally the space actually oc-

cupied by the figure must not be more than half the

space between each ; that is, if the width of the spot

be one inch, there must be an interval of two inches

between that spot and the next. This is entirely de-

pendent on the construction of the " swivel " apparatus.

There are several forms in use, some of which occupy
much less room than others, and consequently al-

low the spots to be placed much nearer together. With
swivel figuring we are not necessarily confined to simple

spots, but may make figured stripes, after the character

of those we have spoken of as being produced by warp.
The shuttle being placed in one position, if we keep con-

stantly weaving without changing it, a continuous stripe

would be the result.

83. Combining Extra Weft Figures with Figures
formed by Ground Weft.—Again, we may combine the
extra figure with figuring produced by the ground weft.

Suppose, for instance, we are wishing to weave a repre-

sentation of a rose-bud. The leaves, stem, &c., may be
formed by the ground weft, or we may use both weft
and warp, and the bud itself may be formed by the extra
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weft. By this system of combining figures some very
pretty effects may be produced economically, but great

care is required in the arrangement of the designs.

We have already shown that the spots formed with
the swivel must occupy certain positions, according to

the arrangement for moving the shuttle from one position

to another. If the figures so formed are to be combined
with others, all must be arranged so that they fall

properly into the places assigned to them.

Sometimes figures of this description are made with
the ex bra material introduced as warp. In such cases the

distortion of which we spoke with reference to warp
figures occurs on the design paper; the extra ends coming
vn alternately with the ground ends only at intervals, the

whole figure must occupy at those places double the space

upon paper. The paper will be ruled alike throughout.

As the conditions of the pattern alter, so also must the

form alter upon the paper. In extra weft figure this

need not be the case. The figure may be painted upon
the paper in the various colours, and the rest will be
arranged in cutting the cards for the Jacquard machine.

When cutting the ground cards, simply treat the extra

colouring as if it were ground, and when cutting the cards

for the extra figuring deal with it only.

Swivel figures may assume a great variety of forms.

They may be simple spots, or may introduce additional

colour or colours into figures formed with the ground

;

or the spots may be surrounded by checks. They may
form continuous stripes, or, by the judicious movement
of the shuttles and corresponding arrangement of the

figure, waved lines ; or a series of figures broken in a

greater or less degree may be obtained. In fact, there

is scarcely a limit to the varieties ; the only limit is the

width of figuring which may be produced at once.

Although swivels may be used to give us these

varieties of figures, with economy of material, yet we
have often to step beyond their range. If our figur-

ing occur too frequently, or occupy a greater area than
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tlie swivel can give, then we must resort to the ordinary

shuttle, and throw the weft all across the piece.

If we throw the weft across the piece for the pur-

pose of forming spot figures only, it will often be

desirable to arrange the figures so that they shall not

too strongly suggest a stripe. This may sometimes be

the result of the arrangement of the figure formed by the

ground material accompanying the extra figure ; for

instauce, if the ground figure run in a diagonal direction,

as in the designs in Plate 5, although the spots are really

in straight lines across the piece, the general arrangement

altogether neutralises it. In the first of these two figures

the spots are so far apart that they might be easily woven
with the swivel. It would only require to be so that it

could be moved the requisite distance to suit each spot.

In the second design the spots are so arranged that

the weft forming the large spots is at the same time

forming also the small ones, yet there is nothing that will

suggest to the eye a straight line of colour across the

fabric. If the figures be large and rather close together

it will not be easy to prevent the tendency to show
stripes ; but if they be small and well distributed it may
be prevented without much trouble. If we use more than

one colour in the same spot, as will often be necessary, it

will be desirable as far as possible to arrange the colours

so that one colour is ended before the other begins ; or

if that would make the division too harsh, let both

colours run simultaneously for a short period. But in

using two colours one of two things must be done

—

either the two colours must continue simultaneously

throughout the fabric, or for a very short period only.

As can be easily understood, if two extra colours come
in together for a time, and then either one or both

cease, or if one cease and the other shortly after, there

will be great variation in the bulk of the cloth, and that

variation will detract from its value as an useful article.

We may introduce one colour at intervals and not mate-
rially affect the structure. If the cloth be a heavy one
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we may, perhaps, introduce two, Lut if tlie clotli be a

liglit one two will be dangerous. But if our colours be
judiciously treated, and arranged in such a manner that

one commences when the other has finished figuring,

whether it be to take part in the formation of the same
spot or another, then we may use them with freedom.

In Plate 6 we have two examples, one showing the

use of two colours, or rather two shades of the same
colour, which would necessitate the use of two shuttles,

as though they were two colours. In one case both
colours take part in the formation of the same figure,

and in the other they form separate figures.

In the pattern when both colours go to form one
figure, there is a tendency to show a stripe across the

piece. Even if this occur only in a slight degree it will

offend the eye
;
possibly it would be less offensive if the

stripe were more decided : it can neither be called a

figure free from stripe, nor can it be called a stripe.

The latter is suggested without actually having an
existence. This might be neutralised to some extent by
the introduction of other small spots between, so as to

break the line a little, or rather to show the colour

more distributed over the surface of the cloth.

When we are figuring with extra weft we do not

necessarily confine ourselves to its use for spot figures

or stripes, but figure all over the surface of the cloth,

and we figure not only with one colour but with many
colours. In the common speech of the trade, when
we figure with a number of colours all over the fabric,

each colour is termed a " cover
;
" thus, it is no uncom-

mon thing to hear the terms, " three cover," " four

cover," &c. This means that three, four, or any
number of shuttles indicated by the number of

" covers " follow each other in regular succession in

the order of weaving, or that every time a ground
pick is inserted so many picks of extra weft, or that

which takes no part in the formation of the cloth, only

in figuring, follow it in regular succession. Sometimes
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it may be spoken of as "three covers," or "ground

pick and two covers," which would mean that there

is a ground weft and two extra wefts. Again, in

some instances we have a number of " covers " and
" extras ;" that is, a number of colours running

throughout as figuring material, and an extra colour

coming in occasionally to form some particular part of

the figure.

Now, when we are making a cloth with a number of

" covers," it does not necessarily follow that we are con-

fined to that number of colours ; though such is generally

the case, one of the " covers " may be a " changing

"

one. Instead of always remaining the same it may
consist of two or more, but always keeping the same

relation to the others. When one colour has completed

its portion of the figure another takes its place, and so

on ; so that if it is called a " three cover," there may be

four, five, or even six colours, but there are never

more than three wefts being inserted at once. Either one

or two of the covers may be " changing " ones.

When we are making cloths of a number of colours,

we cannot make them very light fabrics in weight, so

that we have an opportunity of binding the loose mate-

rial into the back. In some cases the extra materials

instead of being bound into the face cloth, have a bind-

ing warp at the back with which they interweave, and
form a separate cloth or "lining." This has two advan-

tages : first, it enables us to deal readily with the extra

material, and leaves none loose on the back, as well as

forms a good support to the face cloth, giving addi-

tional strength ; and second, it saves any risk of the

binding showing through to the face. Again, some-

times there is a separate back put upon the cloth, so that

all loose material which could not be conveniently bound to

the face, and which might not be sufiicient to form a

separate cloth on the back, might be held between two
cloths, and so give the cloth a " smart " appearance, as

well as additional strength.
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When we are fi2:urin2f with extra wefts in this

manner we have also the ground material which we may
use for the same purpose, and thus give more variety to

the pattern ; and in order to retain the full strength and
compactness of cloth, when the ground weft comes to the

face, one of the extra wefts takes its place, weaving into

the warp as the ground weft ; thus forming, in addition

to keeping the cloth strong and perfect, a more stable

background for the figure, and throwing it more promi-

nently to the surface. To such an extent is this carried

sometimes, that it would be difficult to say which is the

ground and which is the figuring weft. In figures of

this description the same resource is open as in making
spot figures by interweaving the extra or figuring mate-
rial into the ground for the purpose of giving variety of

shade to the pattern. If we are weaving, for instance,

with black figuring weft upon a white ground, by allowing

the black to enter into the structure of the ground fabric

we may produce as much variety and as much delicacy

of light and shade as in fine engravings.

Suppose we are weaving a small picture, a land-

scape, a portrait, or designs in which foliage or great

variety of light and shade is required, and our
ground cloth is a plain one. To obtain the deepest

shadows, we should bring the black weft to the sur-

face, and if it had to cover a large area, or such that

if allowed to float for a considerable distance the weft
would be too loose on the face, we should bind it in

satin order just enough to attach it to the cloth with

sufficient firmness, without at the same time allowing

the white to show through it. Then for a medium
between black and white, let the black weft enter

into the ground and form plain cloth, passing the

white weft to the back out of the way. For the lighter

shades, or where it approaches white, simply let the

black enter into the ground in some twill form, more or

less of it entering into the structure of the cloth, accord-

ing to the depth or lightness of the shade required, and
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bj this means we may obtain any degree of light and
shade that may be needed.

Some splendid examples of this kind of weaving are

exhibited in the well known book-marks of Mr. Stevens

of Coventry, not only as illustrating the best methods of

figuring with coloured yarns, but really as works of art.

The use of coloured silks as well as of black and white is

shown in many of these productions in the most perfect

manner. Again, in the Paisley shawls, which were so

extensively worn some years ago, we have some beautiful

examples of weaving. In the fancy waistcoats of a by-

gone day, and in some of the ladies' dress goods of the

present time, excellent work is also displayed.

In Plate 7 we have a small portion of a pattern

copied from a Paisley shawl, not by any means one of

the most intricate designs, nor showing the greatest

variety of colour, but sufficient to sIioav clearly the prin-

ciple. This is what would be called a " three cover," or
" two cover and ground." There are two colours em-

ployed for figuring upon a white ground, the Avhite itself

taking some part in the formation of the figure. One
striking feature of this design, as indeed of many of the

patterns for this class of shawl, is that there is not at

any point a great quantity of one colour either on the

face or back of the cloth at once. This arrangement
prevents the necessity for binding the loose material,

although with the amount of figuring on the face

the binding might be done without there being much
probability of its being seen on the face

;
yet in light

fabrics, such as the one from which this design is copied,

it is better not to have to resort to it, but to bind by figur-

ing. Although we may not bring any of the colours to

the surface in large quantities at once, yet there is no
difficulty in making predominate sufficiently at any
part of the design to give character to it, as will be
seen from the example before us. We have only to bear

in mind the illustration we have previously made use of,

of the succession of sounds conveying the idea of a con-
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tinuous sound. A close examination of this pattern

shows that the colour is in small patches, but at a short

distance it has the appearance of being solid in colour.

This is one of the most simple of patterns of this des-

cription, but it will probably be sufficient to convey to

the student an idea of the manner in which they are

formed. Yery frequently a great many colours are

employed, sometimes each colour being continuous

throughout, at other times some of them " changing,"

and so giving greater variety. It would be an easy

matter to multiply the illustrations infinitely, but pro-

bably most students of weaving will have opportunities of

examining real fabrics of this description, which would
convey more to their minds than any amount of writing.

In Plate 8 we have an illustration of a design for

ladies' dress goods. It is a species of lace pattern

upon the surface of the fabric, and was awarded the

gold medal offered by the Worshipful Company of

Clothworkers of the City of London at the Fine Art and
Industrial Exhibition at Bradford in 1882. The designer

of it, Mr. James T. Lishman, has kindly given permission

for its use in this work. The pattern is formed by one

extra weft and the ground weft combined; but though

we speak of them as a ground and an extra weft, it

would be difficult to say which we should have to call

the ground, for both take an equal part in the forma-

tion of the cloth. The ground fabric is a satin with the

warp on the surface and very closely set in the threads

;

this gives an opportunity for binding both wefts into the

warp, and so imparting additional firmness to the cloth.

Both wefts are lighter in colour than the warp, and thus

the pattern is shown to the best advantage.

This pattern is an illustration of the fact that all our

figuring material need not be the same ; one is of silk

and the other of worsted. Patterns are frequently made
where the yarns are different in the materials of which

they are made, and of the same or different colours. In
some instances, as in the use of soft wool and silk to-
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gether, we may obtain very pretty effects, simply from

the difference in the brightness of the material. If one

be dull and the other very bright, the pattern will be

distinctly visible, though both are of the same colour.

Other instances might also be mentioned, such as the use

of mohair, or alpaca and cotton in combination, and in

all cases the effect of the pattern is dependent upon the

brightness of one material and the dulness of the other.

84. Combination of Extra Warp and Weft.—We
must now turn our attention to the production of pat-

terns in which extra warp and weft are both employed,

and a consideration of the reasons for using both.

One of the commonest forms of using both extra

warp and weft is for the production of stripes with
figures running between. Thus, for instance, if we were
to take the pattern on Plate 4 where we have spots set

some distance apart, and we wished to insert a stripe

either between every figure or at alternate figures, that

stripe would in all probability be of a different colour

from the figures, and even if it were the same, it would
be better and easier to make the stripe with extra
warp than with weft. Then we have here not only one
of the commonest forms of the use of both materials,

but one which commends itself at once as beinsr both
a ready and economical mode of making such patterns.

Of course this class of pattern is capable of an endless

variety of arrangements ; the stripes may be varied, and
the figures also, and figure may be formed upon the
stripe as well as upon the ground of the cloth by the
extra material ; and again in this, as in other cases,

we may call in the aid of the ground material to give
further variety to our figures. Another form of using
both warp and weft is where we are figuring all over the
fabric with extra weft, as in Plate 8, and we desire

to introduce a small spot of a different colour, this spot
to come in only at intervals. More force is given to this

mode of working when our looms are capable of working
with only a limited number of shuttles, and we wish to
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use more colours than we have shuttles. In addition

to that, where the spot can be as readily made with the

warp, as we have previously pointed out, it saves time
and expense in weaving, so that the designer will find

numbers of instances where he can introduce a spot with
extra warp, and add very materially to the eifect of his

pattern, without in a great degree increasing the cost.

In such cases due care must be taken in arranging the

pattern upon paper because of the distortion at the point

where the extra warp comes in, caused by that warp
being alternate with the ground.

Not only may we use extra warp for spots when we
are figuring all over the fabric with weft, but we may
also use both for figuring all over. Patterns made in

this manner will have practically the same appearance as

if two wefts had been employed ; but there is this great

advantage—that when they are not forming figTire on the

face, they may interweave with each other so as to form

a cloth on the back, and prevent any loose material either

from being cut off or bound into the face cloth, with the

risk of showing through to the face.

Both warp and weft are used for the purpose of

forming figures perfectly solid in colour, and of a

texture quite different from the ground cloth, perhaps

quite as frequently as for the purposes already named ; and
in such cases it is no uncommon thing for several kinds of

figuring material to be employed upon the same fabric.

We may use silk and worsted, or cotton and linen, or

any combination, according to the nature of the cloth we
are making, or the purposes for which it is intended.

Whenever we figure upon this principle, we deal with the

extra material as belonging to a second cloth ; in fact,

the principle of double cloth making is employed in its

entirety. At the point where the extra materials inter-

weave with each other, they form a clotli quite separate

and distinct from the ground cloth ; and if both are

passing to the back at the same time—that is, if at any

one point any of the extra warp is passing to the back,
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and at the same time extra weft, whicli may be forming

figure elsewhere, is passing to the back also—they inter-

weave with each other_, and so form cloth at the back of

the fabric.

It will be easy to understand that by this system

of working not only may we make the figures of

any form, but we may introduce any number of colours

also. If we make our warp in stripe form, and arrange

the colours of the weft to correspond, taking care that

any colour of weft always interweaves with the same
colour of warp, and that the spaces occupied by each

colour are equal to the spaces occupied by the figures

they are to form, we shall have a series of figures, all

different in colour but each solid in its own colour.

Again, we may so arrange the colours of either weft or

warp, or both, that each figure has more than one colour

in it, and the colours may be mixed as we please ; so that
this mode of figuring gives us more scope for producing
pretty efiects, especially where we must have the figure

displaying solidity of colour, than any other mode of

working.

It is really an application of double cloth pure and
simple in one sense. It is double cloth wherever figure

is formed, but not necessarily all over the piece. If the
two cloths were separated the ground would be one
complete fabric, but not necessarily so of the figuring

cloth—it would only appear in patches ; and if the
figures are formed £rom different materials, as silk and
worsted, each material interweaving with its own warp
only, we may be said to be using portions of three
fabrics, but not more than tw^o of them occurring at the
same place.

But when we are figuring with extra warp and weft
in this manner, we are not bound to confine them to
interweaving with each other, but either or both may
figure independently, and they may enter more or less
into the ground cloth. In fact, we can combine in this
one method of figuring all that we can do by each of
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the otlier methods with which we have dealt, so that of

all methods of figuring this one is the most com-
prehensive.

We have but one other mode of figuring to deal with
at present, and that is what is known as lappet weaving.
We shall subsequently have to point to other modes
of ornamentation, but they will refer chiefly to special

forms of structure in the fabric, and ornamenting by
varying those forms of structure.

85. Lappet weaving is really figuring with warp
threads, but presents to the eye the appearance of

figuring with weft, very similar to swivel figuring.

To convey an accurate idea to the reader of the true

nature of this class of figures, it will be necessary to

describe the mechanical method of producing the figure.

From the warp beam the threads are brought forward
towards the cloth ; but instead of being passed through
healds, in the usual manner, they are passed each through
a needle in front of the reed or slay. These needles are

carried in a vertical position on a horizontal movable
bar. As a weft pick is being inserted the bar is raised,

still keeping its horizontal position. The eye of the

needle is near its upper extremity, so that as it is pushed
through the warp which forms the lower half of the
" shed," the threads which it carries are raised to the

position occupied by the upper half of the shed, so giving

room for the shuttle to pass under them. The moment
the shuttle has passed through the warp the bar is

lowered until the needles are quite clear of the warp ; it

is then moved horizontally to the right or left, and such

distance as is required to form the intended figure ; it is

again raised, the weft inserted, lowered again, and the

same operation repeated as before. By this method of

moving the threads, a figure is formed on the under side

of the cloth. This will really have to be the face ; the

cloth is woven wrong side up. The figuring material is

bound into the fabric by being passed round a weft

thread, always entering and issuing from the cloth
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between the same warp threads, but not between the

same weft threads. Figures of this description are easily-

distinguished from "swivel" figures, or any figures

formed by weft. In forming weft figures the thread

does not necessarily "float" on the surface the entire

width of the figure, but may be bound into the cloth at

any point, or any number of points, either for the

purpose of preventing looseness or for producing given

effects, such as the veins or stems of leaves or flowers.

But lappet figures cannot be so bound; they must
" float " the entire length of the figure, consequently the

figure must be of a simple character, and present an
appearance of solidity. An appearance somewhat
approaching that of a " swivel" figure may certainly be

produced by letting the thread forming the figure enter

the cloth at some point in the middle of the figure, but

a pick of weft must be inserted before it again issues

from the cloth, so that it will present the appearance

of two threads, not of one thread having simply been
bound into the cloth by passing under warp.

Lappet figures are not usually made very large or

in masses ; they generally are of a scroll character,

showing only thin lines, such as would be produced by a

thread stitched into the cloth at intervals, so as to form
some simple pattern, similar to that shown in Plate 9,

Fig. 16, and referred to at page 188. Of course it must
be understood that the threads for figuring are not

set so closely as the ground warp, but at intervals of

an inch or so, according to the size and arrangement of

the figure.

This method of figuring has peculiar advantages, and
some disadvantages. As compared with " swivel " weav-
ing, it uses just the quantity of material required to

form the figure as the swivel does ; but the figure cannot
be bound into the cloth in the same way, and consequently

cannot give the same effects. On the other hand, the

figures can be set nearer together, in fact, as near as we
please ; we need not consider the size of the shuttles. And
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again, we have not to pass a shuttle through the warp
for the sole purpose of forming the figure ; the ground
weft binds in the figuring thread, just as in ordinary

warp figuring, so there is economy of time and labour.

86. The allotment of Area to Figures.—We have
now dwelt generally with all the ordinary methods of

figuring on fabrics, and also to some extent with the

efiects upon their structure, but we must take into con-

sideration the areas to be occupied by figures of different

descriptions, not so much in reference to the ornamental
or decorative efiect intended to be produced, as to the

efiect upon the texture of the cloth and its application

to useful purposes. If we are making figures by allowing

the material which forms the ground of the cloth to cease

to interweave and simply lie loosely one upon the other, it

is very obvious that we cannot carry the figuring to any
great extent without very materially impairing the

structure of the fabric and afiecting its utility. We
have already shown the necessity for perfect distribution,

and the question of the proportional area which the

figure must occupy in relation to the ground ought

always to accompany that of equal distribution. To lay

down hard and fast lines, definite rules, would be

impossible ; we must be guided in the first instance by the

uses to which the fabric is to be applied, and in the second

place by the order of interweaving of the ground cloth.

No matter what may be the structure of the ground

cloth, if the figuring occupy a considerable portion of

the surface we must alter the quantities of warp or weft,

or both, because the want of structure at the points where

the figure is formed will very materially afiect the whole

fabric, so that we cannot separate one consideration from

the other. In fact, we must treat it somewhat as we
treat twills, whether plain or fancy. As we have made
the fabric loose in its texture by the order of inter-

weaving, we must compensate for it by the increase of

material, so that one set of threads can give the proper

amount of support to the other.
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As we have seen, when figuring on the principles of

diaper or damasks, we need not take the areas into

account as when the figures are loose, for the texture of

the cloth is not altered ; it remains the same through-

out, and our figures may occupy any space, or come as

closely together as we please. The same may be said of

figuring with extra material, provided sufiicient pre-

cautions have been taken to bind the figure on the face,

so that the " floats " are not too long, or so that they do

not appear as so much loose material on the face of the

cloth. In figuring with double cloths we are much in

the same position as with diapers and damasks ; no
matter what extent of figuring we have, each weft con-

tinues to interweave with its own warp'; there is no loose

material, but always a solid fabric. If the figures be

very large, however, it may be necessary to bind them
together in the middle of the figure, if formed of two
separate cloths, else they would separate from each

other, and give the cloth a flabby character ; but if

it is simply a double faced cloth the binding goes on
the same throughout. These considerations of allot-

ment of area and the effects upon the fabric are such

as must be dealt with as they arise, and as the circum-

stances of the case may necessitate, and not by any arbi-

trary rules, which could not apply in every case alike.

The designer having made himself thoroughly familiar

with all the various structures of cloth, with the relative

quantities of warp and weft necessary to give a perfect

fabric, and with the conditions and circumstances which
will tend to destroy this perfection, will find little diffi-

culty in counteracting these conditions as they arise.



162 [Chap. YTT..

CHAPTER VII.

GAUZE FABRICS.

87. The structure of Gauze.—We may now turn our
attention to fabrics of a totally different character from
those with which we have been dealing, and consider not

only their structure or their decoration, but the

decoration by variation in the structure. We have yet

several classes of fabric to examine, all of which present

certain inherent peculiarities in their structure, and
these forms of structure we may combine with those

we have already considered for the purpose of orna-

mentation.

We will first deal with gauze and its varieties, and
examine into the structure and methods of ornamenting.

The whole structure of gauze cloth is quite different

from any other and most nearly approaches lace. The
fabrics of which we have been treating up to now,
whether plain or figured, have all the warp threads

parallel to each other, and the patterns are produced by
the ord'er of interweaving. In gauze the warp threads

are not parallel, but twist round each other more or less,

and the pattern may be formed either by a variation of

the order of twisting, or by their ceasing altogether to

twist, and forming figure after the manner of cloths with

which we have dealt. We will endeavour to discuss

this subject in the most exhaustive manner possible, and
show the combinations with other orders of weaving, but

it will be a difficult matter to put the subject before the

student in such a way as to elucidate all the uses and
applications of gauze weaving. We can only hope to

give the general principles, and show very briefly how
we may combme with other orders of weaving for the

production of patterns.
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Since the introduction of the Jacquard machine,

gauze, like other classes of goods, has been very much
improved, at least so far as its combination with other

orders of weaving is concerned. On the other hand,

the introduction of the lace frame, and the consequent

cheap production of lace, have caused some of the

most elaborate forms of gauze weaving to become obso-

lete. Murphy's excellent work on the "Art of Weav-
ing," shows some most beautiful patterns of fabrics

which have been quite superseded by lace, and which are

probably not made, or anything approaching them, at the

present time. Perhaps the introduction of power loom
weaving—upon which, so far as they are perfected at

present, such fabrics cannot be woven—may have had
something to do with this, but cheap lace has probably

had more. On the other hand, the combination of

gauze with other orders of weaving, as it has been
developed within recent years, gives much more beau-

tiful patterns than the most elaborate gauzes of former
days, though, perhaps, not so ingenious in the structure

of the cloths.

We will first deal with gauze in its simplest forms,

and show the various methods of producing patterns, and
then proceed to the more elaborate combinations.

Plain gauze has all the warp threads divided into

pairs, the threads of each pair half twisting round each
other between each weft thread. The plan in Plate 9,

Fig. 1, is one of plain gauze. An examination of this

plan will show that one half the warp is always under
the weft, and the other half always over it ; the thread
which comes uppermost always passing under the other

between each weft pick, and consequently coming up on
one side and then the other alternately, so that the fabric

is held together solely by this crossing of the warj)

threads. If the straight thread were drawn out of the
cloth, the crossing thread, or that which comes to the
surface, would simply lie perfectly loose upon the weft,

no interweaving whatever taking place. In fabrics made
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upon tliis principle there must of necessity be very great

firmness of structure; the twisting of the threads round
each other, and holding of the weft in their coils, as it

were, must give a very strong texture. At the same time,

the crossing of the threads between the weft picks will not
permit these picks to come close together. Suppose we
hold what we for convenience call the straight thread

—

that which never comes to the surface—perfectly tight,

and allow the crossing thread to go comparatively slack

during the operation of weaving, so that the crossing

thread has not only to bend round the weft but also

round the straight warp thread, each weft pick will be
kept apart for a space just equal to the diameter of the

warp thread; but if both threads are held equally tight,

then, as each successive weft pick is driven up to the

cloth, both are equally bent out of their course and the

twist occurs exactly between the picks, thus keeping
them a distance apart equal to at least the diameter

of both threads.

In the event of the threads being held at an equal

tension in this manner we have a more open texture and,

at the same time, a firmer one. When one thread is

quite straight and the other bends round both it and
the weft, the weft cannot be so firmly held between them
as when the crossing thread is so tight as to draw the

other out of its straight line.

Of all fabrics there is none so firm in texture or so

light in the quantity of material it contains as plain

gauze. It cannot be made into a very bulky cloth, and
the order of interweaving prevents it from being made a

close, compact cloth. It will always present a perforated

appearance, and increased thickness of threads, more
especially of warp, will increase the size of the

perforations.

88. Figuring with Plain Gauze.—We must now
proceed to deal with the ornamentation of gauze fabrics;

and so as to deal most efiectively with the subject, we
will first examine the various methods of crossing and
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interweaving, and the reasons which may induce us to

adopt them. We have shown in Plate 9, Fig. 1, a plan

of plain gauze ; of this we may produce some varieties.

If, for instance, we have every alternate pair of threads

crossing in opposite directions, that will give a slight

variation, but it will be more effective if the weft thread

be very thick ; it will throw it up as though it were a series

of small spots. Again, further variety may be given to

it by using thick and thin weft alternately, or by using a

given number of picks of one thickness and a number of

another ; or other similar means may be resorted to foi?

the production of special effects. Again, a further

variety of plain gauze may be made by having two pairs

of threads crossing in one direction, say, from right to

left, and at the same time two pairs crossing in the

opposite direction. It may seem absurd to speak of

forming patterns with plain gauze, but what we mean by
plain gauze is where one end crosses one, and that at.

every pick, the mere reversal of the direction of crossing,

or the use of threads of various thickness, although it

produces pattern, still leaves the structure of the cloth

equal to that of a plain gauze, so that we speak of it as

such, but when we vary the order of crossing, then it

may become 2^fancy gauze.

A very pretty example of figuring with plain gauze,

by reversing the crossing, and in which weft threads of

different thickness are used, is shown in Plate 9, Fig. 2.

Although in the order of crossing, with the exception

that they are reversed, the cloth is quite plain, yet the

combination of this reversal with the different thickness

of the weft threads produces quite the effect of a figure.

89. Figuring by various orders of Crossing.—In a
gTeat many instances of the production of patterns by
varying the order of crossing, a number of weft threads
are allowed to come together so as to form one ; they
then separate, some of them after separation continuing
single for some time, then rejoining the group, others

leaving one group to form part of another, and so by
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varying the division and bringing them together at

different points forming a distinct pattern. An example
of this mode of working is shown in Plate 9^ Fig. 3.

This method of figuring, as may be seen, is capable

of great variation, and, as compared with plain gauze

weaving, will give more weight of fabric ; for while in

plain gauze every pick is kept quite distinct, whether
we reverse the crossing or otherwise, in this mode of

fi.guring more picks run together to form one ; and
although they may separate and form part of other

groups, yet the fact of a number of picks running
together, even at different points of the fabric, will

permit of a greater number of picks per inch being in-

serted, and so give more weight to the cloth.

In addition to the mere formation of patterns in the

gauze in this manner, we may combine any two or more
of these orders of working for the production of stripe

check or distinct figured effects. For instance, we may
take the patterns shown in Figs. 1 and 3 (Plate 9) and
form a stripe with them, or in like manner any two work-

ings or patterns ; but there is one thing we must very

carefully observe in doing so. We say that Fig. 3 will

permit of a greater number of picks per inch of the

same yarn than would Fig. 1. If that be so, and we
combine them together in stripe form, we cannot put as

many picks per inch into the cloth as will make the stripe

formed of Fig. 3 pattern perfect without at the same time

forcing too many into that formed with Fig. 1. Indeed,

what will most likely happen will be that the plain

gauze stripe will not permit the number of picks being

inserted which can make the other perfect ; and even

if it did, the warp forming the plain stripe would become
very tight as compared with the other, and the gauze

would not have a sufficiently open and perforated ap-

pearance as compared with the fancy one. Then we
must adopt some means of counteracting this ; we must
have both stripes equally perfect in their structure. We
may easily do this by allowing two or more picks—ac-
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cording to the pattern of the fancy stripe—go to form
one of the plain gauze. By doing so we can bring both

to the same density of structure very readily, and also

give more openness to the plain gauze.

It would be an easy matter to give a great many
patterns of gauze made upon this principle, and some
of them very nearly approaching the appearance of lace,

and if we were writing a history of gauze we might
show some most excellent and elaborate patterns produced

in the days before the lace frame made such progress

;

but at the present time their manufacture could not be
carried on profitably.

90. Combination of Gauze with other Orders of

Weaving.—It is not so much in producing pattern by
variety of crossing as by combining gauze with other

forms of structure that such fabrics are made at the

present time, and in this we may manufacture fabrics

which do not come at all in competition with the lace or

net goods.

We will endeavour to deal with all the most general

combinations, and show both the method of forming pat-

terns and the chief characteristics of each kind of combi-
nations.

We will begin by taking those combinations which
most nearly approach pure gauze, and which are, in fact,

intended to convey to the mind the idea of pure gauze,

and at the same time produce a heavier fabric, with
more marked perforations, without making them actually

coarse by using thick yarn.

If we refer to Plate 9, Fig. 4, we have a pattern
which is a combination of gauze and plain cloth, but
which presents to the eye the appearance of pure gauze.
The warp is divided into sets of four threads, and in
the crossing two of those threads cross the other two

;

at the same time there are four picks of weft which
appear to go in as one. But those four picks are effec-

tually separated by one pair of ends out of each alternate
set interweaving with them as plain cloth, and the next
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set of four picks weaving plain -with two ends of the next
set of warp ends ; the result of this plain weaving being
that, instead of the four picks which go into the cloth

apparently as one, forming a thick rope, as it were, they
are spread out and laid side by side, and form more of a
ribbon-like structure. The effect of this, both in the

appearance and in the structure of the cloth, is much
better than if the four picks had gone in absolutely as

one. The gauze effect is quite as good, the perforations

being clearly marked, and the cloth is somewhat stronger,

without appearing quite so bulky. In some instances,

where it is desired to spread the weft even a little more
than is done in the pattern before us, two of the four

threads would weave plain with one set of four picks,

and the other two with the next four. This would make
the cloth a little firmer again^ and prevent any possi-

bility of any of the picks getting too close together or

one on the top of another. A very simple and effective

method of combining gauze with plain is shown in Plate

9, Fig. 5, where two or more threads are weaving plain

with the weft all through the piece, and a thick figuring

end, as we might term it, is forming gauze by crossing

and recrossing round the ground ends. In this pattern

the effect is somewhat similar to that of the previous

pattern, but the thick gauze thread gives it a good effect.

Again, sometimes the gauze thread weaves plain into the

ground along with the other ends, and then crosses round
them, as shown in Plate 9, Fig. 6.

In all the patterns we have shown so far all the

crossing threads are crossing at the same time, so that

the division between the picks is all across the piece.

Certainly some of the threads are crossing in opposite

directions at the same time. Even by this method of

working we may produce some very pretty effects.

The patterns shown in Figs. 2, 3, 5, and 6 (Plate 9)

would have somewhat the appearance of net. The perfo-

ration would all run in straight lines, but the threads

would be drawn out of the straight line, and by some being
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drawn to the riglit and others to the left, a distinct net

pattern would be formed.

Although such patterns may be very pretty, much
better effects may be produced by varying the crossing

;

that is, by not letting all the threads cross at the same
place. Take, for example, Plate 9, Fig. 7, in which the

crossing threads form a distinct pattern. Another very

good specimen is given in Fig. 239, p. 250, of my
" Treatise on Weaving and Designing," 2nd Edition

;

and did our space permit we might give numbers
of illustrations all showing patterns of gauzes crossed

in different manners, and producing some of the most
beautiful effects in the fabric.

When we have obtained all the patterns we can in

the gauze, though they make pretty fabrics in them-
selves, we may treat them as the basis for further

ornament. We may combine any two of the different

orders of working, and produce stripe or other patterns,

or we may figure upon the gauze grounds, or form
figures of gauze upon plain or other grounds.

We have already shown the combination of plain

with gauze in one simple form. Before entering too fully

into the question of figuring with gauze, we may
examine a few more simple combinations of a different

character. Sometimes the introduction of gauze into a
fabric is not so much for the purpose of ornament as to

obtain lightness of cloth or openness of texture, and, as

we have already shown, there is no better means of obtain-

ing light open texture combined with strength than the use
of gauze, and by combination of gauze with plain or
other orders of working we may regulate the weight and
bulk of the fabric. Take the example shown in Plate 9,

Fig. 8. We have three picks of weft weaving quite
plain, then a crossing takes place in the warp ; there are
three more picks of plain, and another crossing takes
place. Now this cloth is as nearly as possible a plain
one, the crossing which takes place is not what is termed
a full gauze, but only a " half-cross

;
" that is, after the
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crossing thread has changed from one side to the other
of the straight thread it remains there for some time
before crossing back again, all the time weaving plain

with the weft. That being the case a division takes
place, or the weft threads are held apart by the crossing

of the warp threads at every three picks. This division

will be equal to at least the diameter of the crossing

thread of warp, and it will certainly be greater than that

between two picks of the plain portion of the piece, and
will therefore show an opening or " crack " all across the
piece ; consequently there will not be as many j)icks per
inch as if this crack did not exist, and as a matter of

course the more frequently these cracks occur the less

weft the piece will contain. Sometimes what is termed
a full gauze pick is introduced ; that is, the warp crosses

on both sides of one pick of weft, as shown in Plate 9,

Fig. 9, the distances between the gauze picks being
varied according to the weight of cloth required, or the
effect desired to be produced.

If we wish to combine plain cloth and gauze in

stripe form, we must consider the relative structure of

the two cloths. We will suppose in the first instance

that we wish to have a stripe running the length of

the piece plain cloth and gauze alternately, and we
have the same number of threads per inch in both. The
plain portion will be a very loose fabric and the threads

would slip upon each other and fray ; that being the

case we must either have a greater number of ends per

inch in the plain stripe, or adopt some modification

in the gauze. If we increase the number of ends
in the plain stripe, or the diameter of the threads of

which it is composed, or, what would be better, combine
the two alterations, we may make it sufficiently firm,

but we shall have increased the weight very considerably,

and it is not desirable that there should be such a great

difference in the weight of two portions of the same
fabric as would necessarily accompany this arrangement

;

then we must resort to the expedient of altering the
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gauze so as to enable us to put more weft in. This may
be done by simply letting a number of picks go into the

gauze as one. Suppose, for instance, it should require

sixty picks per inch in the plain cloth to make it such a

cloth as we require, we could not possibly put sixty of

such picks into the gauze portion, with the warp threads

crossing between each one ; but if we allow two, three,

or four of these picks to go into one shed between each

crossing, then we can get them in quite easily. If two
picks go in between each crossing, it reduces the number
of crossings to one half, and the two go together to make
one pick, and consequently occupy much less room. The
most common practice is to put three or four picks to-

gether, but this will be regulated by the quality and
weight of cloth required.

If the stripes are to be across the piece, then a dif-

ferent mode of working must be resorted to. We may,
perhaps, put more than one pick together in the gauze,

so as to give more decision to the perforations, but we
must alter the warp threads. We have up to now been
speaking of the gauze ends as single in the warp, but we
may put any number together. Suppose we want our
plain stripe to be finer than the gauze in the proportion

of two threads to one ; then when we are weaving the
gauze, two threads go together as one, and the gauze
shows two threads crossing two, but the moment we
begin to form plain cloth they separate and work inde-

pendently of each other. This method of altering the

gauze, putting a number of threads together either in

the warp or in the weft, or both, is the most ready and
efficient for forming either stripes or figures. If in

making patterns which are combinations of gauze and
plain cloth we do not desire to have quite so much or so

striking a difference as is shown between gauze and plain,

the gauze having a number of threads together, both in
warp and weft, we may obtain a medium between the two.

We have in Plate 9, Fig. 10, an illustration of one
mode of dividing the threads of weft after they have
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combined to form gauze, and also of intermixing plain

in the gauze, and making that which is so intermixed

different from the ordinary plain cloth in appearance.

For the purpose of illustrating this most clearly, we have
shown it as really forming part of a check pattern instead

of a stripe ; that is, with plain cloth all round the gauze.

The system of forming pattern in stripes or checks,

by the combination of gauze and plain cloth, such as we
have been dealing with, may strike the reader as being

extremely simple. So it is. There is no more simple

method of forming patterns upon light fabrics, or of

ensuring the lightness of the fabric, and at the same
time producing very pretty effects j but in the decoration

of gauze fabrics, or using gauze for the decoration of

fabrics of other structures, the stripes or checks are

the most simj)le, though even they are capable of giving

very great variety, especially if threads of different

thicknesses be employed, or if there be a variation in

the number of ends and picks which are put together.

91. Figures formed by Combination of Gauze and
Plain Cloth.—Though we can produce great variety by
combination of gauze and plain in these two forms, we
have far more scope when we begin to form figures with

them. There may be said to be two distinct methods
of combining these two orders of working to form figures :

first, figures formed by plain cloth upon gauze ground; and
second, figures formed by gauze upon plain ground.

We will examine both in detail, so that we may see to

what class of fabric each is applicable. If we are making
a plain cloth, and we wish to form patterns upon it by
giving it the appearance of being perforated, we may
introduce gauze working to form the perforations, and by
doing so give lightness to the cloth without detracting

from the firmness of structure, but rather adding to it.

Take, for example, the small pattern, Plate 9, Fig. 11,

where we have every alternate pick of weft forming

gauze at some point, and the gauze being distributed

regularly over the surface of the fabric. As it appears
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on the diagram, each of th'e weft threads forms straight

lines, the warp bending round them at the point of

crossing. This is shown so for the purpose of giving a

clear view of the structure of the cloth ; but in the actual

fabric the weft threads would not form straight lines,

but on each side of the gauze crossing would curve

round, disclosing a distinct perforation on each side of the

pick, and the thicker the warp threads the wider will

the perforations be. The pattern we have here is one

which in the cloth would convey the impression of the

gauze and plain being in about equal quantities, although

really only one-fourth of the interweaving is gauze, but

the plain picks are so much bent out of their straight

line, and jammed together by the crossing of the warp,

that they occupy less space than they otherwise would.

This will prove, then, that greater firmness is obtained

in the cloth by the introduction of the crossing than if it

were all plain. If the weft threads can be so much bent

out of their straight line, and, as it were, pushed closer

together by the gauze, they cannot be so firmly inter-

woven with the warp ; the relative quantities or

thicknesses of warp and weft threads cannot be such as

to make a satisfactory cloth, were it not for the presence

of the gauze. These remarks will apply all the more if

the weft threads are soft; that is, loosely twisted together

or made of soft materials.

We have in this pattern a medium between pure
gauze and plain cloth. It contains more material, is

closer in texture, and heavier than if it were pure
gauze, but not so close, compact, or heavy as a plain

cloth. It presents the chief characteristics of the gauze,

with some of the qualities of a plain cloth, or, in other
words, it has the decorative features of gauze with the
wearing properties of plain cloth. If we wish to make
the perforations more marked, we can easily do so by
letting the crossing taiie place with more than two ends

;

that is, let two ends cross over two, or more ; or, let a
number of picks go together to form one in the gauze.
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By resorting to either expedient we may have the plain

portion both closer and heavier, and the gauze portion

quite as open, or even more open, than in the combina-
tion of simple plain gauze with plain cloth.

We must, however, consider the character of figure

most suited to this class of fabric, and the efiect upon
the cloth. An examination of a figured gauze will imme-
diately reveal the fact that where the crossing of the

threads takes place, a greater length of warp yarn is

taken up than where there is no crossing, even in a small

simple pattern like that shown in Fig. 11 (Plate 9), but
if the gauze be further extended it will be even greater.

In fabrics consisting of a combination of plain and gauze,

for the most economical production, the whole of the

warp should come from one warp beam. Such being the

case the gauze must be distributed as equally as possible,

so that one portion of the warp, by reason of a greater

amount of gauze being formed with it, shall not become
tighter than the rest. Then, if we are forming spots,

they must be very equally distributed, so that every
thread has its equal share in the formation of gauze.

Again, the figures must not be too large, or occupy too

much space at once, and the gauze must be considerably

less in quantity than the plain, otherwise the plain

portion of the cloth will be too thin, and the threads will

be too loose upon each other.

92. Distribution of Gauze Figures on Plain G-round.

—We have already pointed out in reference to spot

figures what is the best method of arranging the spots so

as to secure equal distribution, and what was said there

will also apply equally to gauze spots, and it is even

more imperative that the rule should be observed than in

ordinary warp or weft spots, so as to secure uniformity

of texture. But we may not always desire to produce

spot figures ; it may be that we wish to have figure or

gauze working running all over the fabric, in fact, to

imitate to some extent lace ; then we may adopt scroll

patterns, or any other which will give such effects as we
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wish to produce. If we do adopt such figures we must
be extremely careful in their arrangement, so as to

ensure equal distribution. We shall generally find that

geometrical designs are best adapted to this class of

figuring, not necessarily of the stifi'est character. We
may introduce some freedom of design, but if we have a

geometrical basis we shall be more certain of obtaining

equal distribution. Of course, we are speaking now of

the combination of pure gauze ; that is, one end crossing

one, and only one pick between each crossing, with

ordinary plain cloch, and the gauze forming the figure.

93. Plain Figures upon Gauze Ground.—When the

figure is formed by plain cloth upon gauze ground, the

conditions of the structure are different. We obtain only

a very light cloth if the warp threads are one crossing

one and at every pick. The mere fact of so much cross-

ing taking place—the greater part of the fabric being

gauze—will necessarily make it a light open fabric ; that

being the case, any figure formed by plain cloth will be
very loose. No matter whether the figure be large or

small this will apply ; but it would of course be more
apparent in large than in small figures. If extremely

light fabrics are desired, this mode of figuring may be
resorted to, and some very pretty effects obtained ; but as

in the case of gauze figure upon plain ground, there must
be very perfect distribution, and if the figures are so

small that the pressure of the warp in the crossing can
push the weft picks a little closer together in the plain,

the appearance may be very much improved, for not only

will it make the plain look finer, but the curvature given

to the weft threads will give a more novel effect than if

they were quite straight and parallel to each other.

It may be observed of gauze cloths, as differing from
all other woven fabrics, that instead of keeping the
threads of either warp or weft parallel to each other, the

object very frequently is to draw them out of their

parallelism as far as possible.

94. Warp or Weft Figures upon Gauze.—Tliis com-
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bination of gauze and plain is the most simple form of

ornamenting gauze fabrics, no matter which of the two
predominates or forms the ground. In addition to this

system of figuring we may also resort to warp or weft
figures, as in ordinary fabrics, but we must not be under
the impression that when we do so we can figure as

readily and with the same results as figuring on ordinary
fabrics.

In the first place, if our ground cloth be an ordinary

plain gauze, of the type of which we have been speaking,

and we suddenly cease to form gauze, and leave the

weft and warp quite free of each other, neither of them
would be present in sufficient quantity to cover the other.

And as it is usually one of the first conditions in figures

that the material which comes to the face shall quite

cover that which goes to the back, so as to present a

solid appearance, it could not give a satisfactory efiect if

the warp and weft were both visible, one through the other,

in the figure. Again, the sudden transition from gauze

—the firmest possible structure of fabric—to absolute loose-

ness, the warp and weft not interweaving at all, would be

too great. If we wish to have either warp or weft figure

upon gauze ground, we must separate the figure from
the gauze by plain cloth. This will to some extent

modify the looseness of the figure, and, what is quite as

important, it will give it most clear definition. If we
were to change direct from gauze to figure, the figure

could not be clearly defined, especially if it were large,

and its outline at all indented ; but by bringing in the

plain all round it, it is formed just as upon an ordinary

plain fabric. Another question arises also ; the figure

must in all probability be bound down more or less.

This binding will be more in harmony with the ground
surrounding the figure if it be plain than it would be if

gauze. We still, however, have the difficulty of want
of fiLaeness, not only in the plain which surrounds

the figure, but more especially in the figure itself. If the

figure is to be formed with the weft, we may resort to
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the expedient we have before mentioned — namely,

putting more than one pick of weft in one shed ; and

this we may vary according to the size of the figure or

quality of the cloth. By doing so we shall not only

make the figure " cover " better, but we shall add to the

fineness and firmness of the plain portion without detract-

ing from the openness of the gauze. If the figure is to

be formed with warp, we may make a number of ends

work together in the gauze, and then separate them in

the plain, so making sufficient fineness, and making the

warp figure cover the weft. We may also combine the

two methods, a number of ends going together as one,

and a number of picks going together as one in the gauze,

thus increasing the fineness of the plain and the weight

of the cloth to any degree, without interfering with the

openness of the gauze, unless it be to make it more open.

To begin with, suppose that we only want to increase

the fineness in a slight degree in the warp, and to obtain

the requisite increase of ends we let them work in groups

of three, one crossing two—that is, one end working by
itself, and two working as one along with it when form-

ing gauze, but separating for plain, as shown in Plate 9,

Fig. 12.

When the crossing is of this description, the crossing

threads may go all in one direction, or they may cross

alternately in opposite directions, as shown in the figure
;

but in either case when they separate they must form
perfect plain cloth. In arranging designs upon the

squared paper for this kind of crossing, perhaps more
care is required than for any other kind, because the

gauze threads being arranged in threes, and the plain

having alternate ends alike, or, as it were, working in

pairs, each end must be properly arranged, or a fault

will occur in the plain. Now, if we form warp figures

with the ends arranged in groups of three in this manner,
and we do not separate the figure from the gauze by
the introduction of plain, our warp threads will be laid

in groups of three, which will look like one thick thread.
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Our object must be to distribute the threads ; then we
have no alternative but to introduce some plain so as to

effect this separation and distribution. The m-ore general

practice in figured gauzes is to arrange the threads in

groups of four, two threads together as one throughout,

and crossing each other in pairs, as shown in Plate 9,

Fig. 13, and separating to form plain as before. This

has the double advantage over working with three

threads of making the cloth still finer, and giving us even

numbers of ends to deal with at once. In such cloths,

however, the mere increase in the warp threads is not

enough usually, we must also increase the weft threads

by putting two, three, or four together in the gauze and

separating them in the plain. Now, in many instances we
may desire that our figures should be not merely loose warp

or weft on the surface, but, perhaps, bound in satin order,

after the manner of damask or such figures, so that it is

absolutely necessary to obtain fineness in the figuring

portion ; but no matter how the figure may be formed,

the almost invariable rule is to surround it with plain,

so as to ensure the proper separation of the threads be-

fore the figure is formed. This plain need not be more

than a few ends, but it must be there. Another feature

of gauze figures is that a true even outline cannot be

formed as in patterns upon plain or satin ground, the

threads running together in groups of, say, four; all

these four will cease to form gauze at the same time.

One portion cannot be making gauze while the other

portion is making plain or figure, therefore the outline

will form a series of steps, not a steady, free line. This

difiiculty is even more apparent in flowing curves, the

steps interfering very much, in some instances, with the

beauty of the curve, and requiring the utmost care in

reducing the interference to a minimum.
Perhaps it will not be out of place here to say a few

words upon the mechanical operations required in gauze

weaving. Our excuse for doing so must be that

existing treatises on weaving do not deal in a sufficiently
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complete manner with the subject, as applied to the

looms of the present day.

The general principle of gauze weaving is fully

treated in the "Treatise on Weaving and Designing"

before referred to, so far as the formation of gauze in

small patterns and stripes is concerned ; and more fully

in the excellent treatise on the " Art of Weaving," by

John Murphy. But Murphy's book was written before

figured gauzes of the class now mostly used were deve-

loped by the Jacquard machine, which was at that time

quite in its infancy ; and, again, most of the fancy gauzes

of which he treats are such as could only be woven in

the hand loom by careful weavers, because of the com-

plication of cordage, and the delicacy of manipulation

required; and besides, such goods have been entirely

superseded by the lace frame.

In the " Treatise on Weaving and Designing," the use

and construction of the doup heald are fully explained, as

also the use of several doups along with healds for

forming patterns in the gauze, but nothing is said of

Jacquard harnesses for weaving figured gauze. If all the

doup healds are attached to one heald shaft it will be

obvious that they will all rise together whenever that

shaft is raised ; and if we use two or even three heald

shafts for the doups, it is evident that our orders of

crossing will still be limited. But even limited though
it be, under certain conditions we may make great variety

of patterns ; for instance, such patterns as that shown in

Plate 9, Fig. 11, can be woven quite easily, either with
healds, or a common Jacquard harness and one doup.

Although all the ends are not crossing at the same time,

the crossing end is drawn through the doup and through
one of the ordinary healds at the same time, but is

carried under the thread with which it works between
the common heald and the doup, so that as the common
heald rises, it will take it to one side of its companion
thread, and when the doup rises it will take it to the

other side. Kow, if we have half the threads drawn
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tlirough tlie doup heald, and each through a separate

common heald, so far as the pattern goes—as, for instance,

in the pattern before ns, there are eight separate thi-eads

—

we shall require eight common healds, each thread drawn
through one of them, and the first of each pair also

through the doup. If the ends are crossed from the

common heald to the doup, from left to right, whenever
we raise the doup all those ends will rise on tlie right of

the threads they cross ; then if the pattern is to be a

combination of gauze and plain, as in this case, we lift

the doup at every alternate pick of weft ; and if we wish

to form gauze at the next pick we raise the common
heald carrying the crossing thread, so bringing that

thread up on the left of its companion, as shown in the

figure ; and if we wash to form plain we raise at the

second pick the thread which does not go through the

doup. If we now substitute for the eight common
healds, a Jacquard machine, where we can actuate each

thread separately, and we place in conjunction wdth that

a doup heald, and draw the ends through the doup in the

manner described, it is very evident we can produce any
variety of figure which is a combination of plain cloth

and plain gauze, or we may make warp figures upon the

plain, or further, we can combine plain gauze with

twill, or make one end cross three or any number ; but if

gauze is forming at some point throughout the piece we
are necessarily confined to one pick in a shed, and to one

end crossing at once, and all ends which do cross must
cross at the same time and in the same direction. True,

we may give some variety by using more than one doup,

but still we should be confined to certain classes of figure;

then if we wish to figure freely, and at will, we must
resort to what is known as a gauze harness—that is, with

doups formed in the harness of the Jacquard machine

;

this provides that each set of threads has its own
separate doup, which may be brought into use at will, so

enabling us either to vary the direction of our crossing,

or the number between each crossing as we please.
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95. Combination with other Orders of Working
than Plain.—We may now proceed to examine a little

more in detail the combination of gauze with other

orders of weaving. We have shown pretty fully how it

may be combined with plain, and how the fineness of the

cloth may be increased to almost any degree, and also, to

some extent, how figures may be formed with warp or

weft, or both. When we are figuring upon a gauze

ground, we may vary both the form of the figure and the

order of interweaving of the weft with the warp as we
please, provided, as we have already said, we surround

the figure with plain, so as to prevent the gauze from
interfering with the outline, and the ends from running

together in groups. Having done that, we are ^as

free to figure or introduce twill, satin, or any other order

of working, for the purpose of obtaining special effects,

as if our cloth were an ordinary one with no gauze

in it. Not only that, but we may vary our gauze ; we
need not necessarily keep to the plain form of gauze

working, either with single threads or a number thrown
together, but we may adopt any of the forms of gauze
such as those shown in Plate 9, to make the ground-
work. It is not necessary that we confine ourselves to

the gauze forming the ground of the cloth. Yery
frequently we may desire to produce a somewhat heavy
cloth with a simple twill or satin ground, and in order

to give a light appearance to it, we may introduce a
gauze figure. Or the ground may be a figured one,

such as a rich damask, in which case a small portion of

gauze introduced into certain parts of it will give light-

ness ; by this means some of the richest and most
beautiful fabrics are produced. We often see in silk

goods that some of the choicest fabrics are combinations
of this character ; in fact, there is no limit.

Quite apart from the combination of gauze with
plain or warp or weft figure, we may also produce
excellent effects by combining two orders of gauze
working, one forming the figure upon the other, but, of
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course, in such cases the cloth must necessarily be a light

one ; and if one portion of the gauze be much firmer

than the other, the remarks which we applied to the

combination of gauze with other orders of weaving
respecting the proper distribution will apply to it also.

Having examined the combination of gauze with
plain to form figures, we may now examine the combi-

nations with other orders of weaving, for the production

of effects of different characters. We have already

referred to the formation of plain stripes upon gauze
ground, and pointed out the necessity of either putting

a number of picks together in the gauze, and separating

them for the plain, or having a greatly increased number
of ends in the plain stripe. In many instances the latter

arrangement is preferable ; by increasing the number of

ends we may, by using these ends of a difierent colour

from the ground ends, show a distinctly coloured stripe.

The closeness of the warp threadswill so completelyhide the

weft that the colour of the warp only will be seen j conse-

quently, the weft and the gauze warp may be of the same
colour, and so show a difference between ground and stripe.

We may also form checks on the same principle ; let the

stripe in the warp be formed exactly as above described,

and to form the cross stripe use thick weft, and instead

of weaving gauze into the ground let it weave plain, so

that the gauze warp will be hid in the thick weft in the

same manner as the gauze weft is hid in the thick warp.

This mode of working has also another advantage apart

from the question of colour ; the contrast between the

compactness of the stripe and the openness of the ground

makes the pattern most striking.

In some cloths more substantiality is required.

Instead of forming plain stripes upon gauze ground,

gauze stripes upon plain ground are formed, and with

very pretty effect. We give one illustration upon Plate 10,

where we have a drab ground and a pure white stripe

;

of course we use white weft only throughout, and white

warp in the gauze stripe, the ground warp being drab,
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and so closely set as to completely cover the white

weft.

Perhaps a more effective method of forming stripes

upon gauze is to work the stripe as a satin. We can

then give any degree of fineness to it, and present a

perfectly smooth surface. Some of the most beautiful

examples of striped gauze have the stripe worked

in satin. This class of stripe also gives some pretty

effects when a little figuring is introduced into the gauze

ground, and nothing is lost if the figure be run

over ground and stripe indiscriminately, and more

especially if the figure be formed with weft satin. In

such case it becomes necessary to put a number of picks

together in the gauze, and also sometimes a number of

ends also, so as to give sufficient fineness to the figure,

and make it cover well enough.

96. Combination of Gauze Figures and Figuring

with extra Warp.—Prom what we have said, it will

be clear that a great variety of effects may be

obtained by combining various orders of weaving with

gauze, and using only the material which takes part in

the formation of the ground fabric; but, as in other

classes of cloths, this variety may be very much increased

by the introduction of extra material, warp or weft. It

must, however, be borne in mind that we have not the

same freedom for the use of extra material upon gauze

cloths that we have upon simple plain or figured fabrics.

In these cloths we may use extra warp or weft,

or both, forming figure on the face, and then passing

to the back, and being bound to the back of the

cloth, instead of being cut away. We cannot do

the same upon gauze—the open texture of the cloth

would show it; we must either use only what will

form the figure, or we must cut the waste away from the

back. Again, for reasons we have pointed out in

reference to ordinary warp or weft figures, we cannot

very well figure upon the gauze itself, but must form a

plain ground upon which to do so, in order that when w^e
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introduce extra materials to form figures, we m.ust also

figure to some extent with the ground material also. In
speaking of figuring with extra material, at present we
are s^Deaking of it as an extra colour; in fact, as a
means of giving more variety of colour to the pattern,

but we shall shortly have to speak of the use of extra

material for a difierent class of figuring ; however, in

the meantime we must confine ourselves to the use of it as

an additional colour. Figures made with extra wai'p,

whether upon gauze or other grounds, must either be
arranged stripewise, or the whole surface of the cloth

must be figured. It does not necessarily follow that in

all fabrics the figures appear to the eye as being in stripe

form, even though they are so arranged, whether the

loose material be cut away from the back or not ; but in

gauze cloth unless the material be cut away from the

back they must appear in stripe form. The figure, as

we have shown, must be formed upon plain ground. If

when it is completed we change the structure from
plain to gauze, and leave the material on the back,

it will be clearly visible through the gauze, and being

visible as so much loose material it would not add to the

appearance of the fabric ; then it must be cut away.

Before being removed the same rule must be observed as

in figuring upon ordinary fabrics, of binding it round
the edges of the figure, so as to prevent it slipping out.

Then if we wish to avoid the cutting off at the back, we
must make the plain continuous throughout. Although
this is a disadvantage, as to some extent crippling us in

our power of producing patterns, yet we may obtain some
very pretty efiects in stripes ; one simple example is shown
in Plate 10. In this we give coloured and white stripes

alternately, but we may have other colours at will, and
not only each stripe of a difierent colour, but several

colours in each stripe. One ready means of introducing

more colour, without adding much to the weight, is to

let the extra warp take the place of the ground warp in

forming plain cloth under the figure. For instance, if
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we wish to have two colours in the stripe, whilst one of

them is forming pattern on the face, the other is forming

plain cloth under it, and they are constantly changing

places according to the pattern, each forming figure and

plain alternately.

97. Figuring with extra Weft upon Gauze.

—

Figuring with extra weft upon gauze frees us from the

necessity of making the figures in stripe form. If the

weft be thrown all across the piece, we shall, of course,

form stripes in that direction, but we may use the swivel

shuttle^ and so place our spots as we please, exactly as

if we were figuring upon a compact cloth as shown in

Plate 4, instead of upon a perforated fabric ; the same

rule willj however, apply to these as to extra

warp figures, of the cloth being plain under the figure.

Indeed, no matter how we figure upon gauze, we must
have plain cloth somewhere about the figure. We have

no other means of distributing the warp and weft

threads, or of securing the proper form of the design.

When we are using extra weft, we have all the advan-

tages and opportunities of ornamentation which can

possibly be obtained, for we may not only combine figures

with gauze, but we may combine all the forms of figuring

—plain figure upon gauze ground, gauze figures upon
plain ground, loose weft or warp figure, figures formed
after the character of damask, or with extra material in

any colour or any number of colours. We may make
extremely light fabrics, or we may give to heavy fabrics

the appearance of lightness by the introduction of gauze

figuring. Sometimes very pretty efiects are produced by
figuring with extra weft of the same colour as the

ground, but in difierent material, or in thicker yarn of

the same material, so giving prominence to it merely by
the thickness of the yarn.

98. Combination of G-auze and Plush.—We have
not yet, however, quite exhausted the means of orna-

mentation of gauze cloths. In addition to the methods
we have already described, we may introduce pile or
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plush figures. There are two distinct methods of doing

this : first, when the pile is formed upon gauze, and
second, when the pile is formed upon plain surrounded
by gauze. Now as to the figures formed by pile upon
gauze ground, we have the means of obtaining pretty

and novel effects. The ends of warp which are to form
the pile assist also in forming the gauze. Plate 9,

Fig. 14, shows a longitudinal section, indicating the

manner in which the threads twist round each other,

and how the loop of the pile is formed. In this it will

be seen that one of the three threads is constantly

twisting round the other two, and at intervals one of

these issues from the cloth and forms a loop. The
manner in which the loop is made will be fully ex-

plained in the next chapter ; we merely wish to call

attention here to the fact of its being formed. On each

side of the loop formation a weft thread is inserted,

represented by the dot, and the crossing thread passes

from one side to the other of both the loop thread and
its companion. This constant twisting taking place, the

loop thread is held firmly between the straight thread

accompanying it and the crossing thread, so that what-

ever loop is formed it is held rigidly just as it is made.

Sometimes it is cut, so forming velvet pile ; and
even though there is really no solid cloth under it, it

will be so firmly bound between the ground threads that

there Avill be no fear of its slipping out or being easily

pulled out.

In the second class, as it may be termed, of plush

figures on gauze, instead of the pile being formed
actually upon the gauze, plain cloth is formed by a

portion of the threads and the pile by the other portion,

as shown in the section, Plate 9, Fig. 15. By this

system, all the threads share in the formation of the

gauze, as in the other, but when we come to the figuring

they are separated into two portions—one for the ground
cloth and the other for the pile—so that a solid cloth is

formed in the ground. The pile is not held so firmly as
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in the previous case, but still sufficiently so to make
a serviceable article, and it has the advantage of making a

more solid structure. There is necessarily more warp
employed, more threads running together in the gauze,

and consequently a heavier cloth. The principle of the

formation of the pile is the same in every respect, but it

issues from the plain cloth instead of from the gauze

cloth. The pile may be cut or uncut, exactly as in the

previous case.

Beautiful effects are produced by this combination

of gauze and pile weaving ; but of course the pile is

of the same colour as the ground, when the figuring is

distributed over the whole surface. Sometimes, how-

ever, the plush is made to form stripes ; then different

colours may be introduced, or, indeed, we may have

coloured figures all over. But as the pile threads have

to take part in the formation of the gauze ground, if we
have two colours of warp the ground will necessarily

partake somewhat of the colour of the figure, though
modified by the presence of the second colour ; but

Avhere the figure runs in stripe form it may be totally

different from the ground. To give variety to figured

goods of this description, we may combine with the pile

or plush figuring any or all of the other modes of

figuring we have referred to. If the figure run in

stripe form, we may combine with it figures formed by
extra warp, or plain, satin, or other figures in the

ground. If they are distributed all over the surface, we
may introduce extra weft and any other forms of

ornamentation, and so make our patterns as elaborate as

we please ; and again, instead of the gauze being an
ordinary plain one, with any number of threads running
together, we may use any of the fancy gauzes—such as are

shown in Plate 9—so that by the contrasts of colour,

or such as are produced by the variety of structure in

the fabric, we may ornament to an unlimited degree,

and in all cases produce pleasing effects.

99. Lappet and Whip—net Figures on Gauze. We
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have now but two forms of ornamenting gauze cloths to

refer to, both of which have to some extent been an-

ticipated—first by lappet threads, and second by
threads crossing over wide open spaces. We give an
illustration of lappet figuring in Plate 9, Fig. 16,

and of the crossing threads over open spaces in Fig. 17.

In the first we have an ordinary plain gauze ground,
with single threads forming figures by being stitched

as it were over the surface; this stitching is done in

the manner described at Art. 85. By this mode of

figuring considerable variety may be produced, but
all by a series of single threads. An appearance
of solidity might be given to the figure by crossing

and recrossing in quick succession, say at every
pick, but generally such effects as shown here are more
aimed at. This mode of figuring is seldom combined
with others, being usually applied to fabrics of very light

texture. The same remark will apply to the class of

figuring shown in Fig. 17, but the designs are of a
stiffer character. This arises from the fact that each

thread is arranged to be brought into the cloth only at

two certain points in relation to the warp threads,

though their positions in relation to the weft may
be varied—that is, the number of picks inserted be-

tween each point of interweaving may be varied, but

the number of ends cannot, in the same piece of cloth

;

therefore the figures must partake of a stiff" character,

this stiffness only being modified by a varied arrange-

ment of the order in which the ends are drawn through

the doup, and consequently the manner in which they

are manipulated. However, both lappet and this form

of figuring will partake more or less of the stripe character,

though the stripe may be almost hid by the variety

of lines introduced.

100. The Materials from which to make Gauze.

—

One necessary part of the design of gauze fabrics is a

proper consideration of the structure of the threads

from which the cloth is made. From the nature of the
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cloth, its open perforations, and the necessity for the

pattern being very clear, threads of a smooth even

structure, with little or no loose fibre on their surface, are

best adapted. Silk being a long continuous smooth fila-

ment is best suited of any class of yarns. Next come
cotton and linen, for although they may have a little

loose fibre on the surface of the thread, yet it will

be very little, and not likely to interfere much with

the clearness of the pattern. We may also use worsted

yarns, but they will not give the same clearness of

pattern as the other three, especially if not made
from the finest wools. Woollen yarns are quite

unsuited for making gauze cloths, as are also the

coarser cottons and tow yarns ; though, if well twisted,

they may be employed in making the heavier goods when
gauze is combined with twill or other forms of working,

and where clearly defined patterns aie not needed.

It is not only so as to obtain clearness of pattern that

smooth even yarns are required in making gauze, but it

is necessary to have a strong thread in the warp at any
rate. When the crossing takes place considerable

strain is thrown upon the threads, and also great

friction
;

probably the latter is most likely to do
harm. If the thread is not strong and well twisted,

it will soon give way under the friction, and if it

has much loose fibre on its surface, there will be a

great amount of friction in the threads passing each
other, and also in passing and repassing through the eye
of the heald, so that the smooth thread is as neces-

sary to the successful operation of weaving as to the

clearness and definition of the pattern. In fine woollen
yarns with the thread sufficiently twisted as to give

streng-th to the yarn to bear the work it has to do in

the process of weaving, some excellent effects are pro-

duced by the combination of gauze with other orders of

working, chiefly with twill in stripe form, but the texture
must be very open, the threads being set a sufficient

distance apart to reduce friction to the lowest pointy so
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as to obtain all the ease possible in weaving, and even
then the pattern of gauze will not be well defined, but
will be partly hid by the loose fibre on the thread.

Perhaps it is this want of definition which gives the
charm to this class of fabric ; the perforations are not
clearly marked, there is a kind of hazy mystery about
the pattern which probably renders it more attractive

than if it were well made out, and what adds to the
attractiveness is that the character of the gauze is

quite in keeping with the body of the cloth. At any
rate, some really charming fabrics are made in this man-
ner, but they require great skill in the use of the material,

because of its soft fibrous character and the amount of

friction thrown upon it in the process of weaving.

101. Madras Muslin.—It may be necessary to refer

to and point out the chief characteristics of some
fabrics which bear a strong resemblance to gauze. In
the first place, there are several varieties of extremely
light texture, which at first sight, from their very light-

ness, would lead one to suppose they were gauze, but
which are not necessarily of that material. The
term gauze is often applied indiscriminately to all

cloths of a light open texture, without regard to

the mode of interweaving of warp and weft ; but this

habit is very misleading to the technical student.

One class of fabrics, which gives pretty efiects upon
a light cloth, is known as Madras muslin. This is a

very light texture indeed, with a figure formed by the

introduction of a thick thread of weft into the ground
and then cut away where no figure is formed, so that

it is really an alternation of thick, or moderately thick,

and very thin, light cloth. Similar effects are also

produced in fancy coloured goods, two or even three

colours of weft being employed to form figures, some-

times one weaving plain into the ground cloth, and the

other figuring upon it, and sometimes both entering

partly into the ground cloth, and figuring alternately

;

and, as in the previous case, when no figure is beiag
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formed the extra material, which would other^vise go to

the back, is cut away. In the arrangement of pat-

terns for such fabrics we should be guided by the

same rules as for figures upon ordinary fabrics ; the

only difi:erence being that the ground cloth is of a much
lighter texture, and the figuring weft in a great measure

goes in when the figure is formed, as an ordinary ground

pick, or partly as a ground and partly as a figuring pick.

There must be proper care as to the distribution of

figures, and all the other precautions which usually

accompany the arrangement of them. "We must not

omit net and lace in our comparison of fabrics, often

confounded with gauze.

102. Net.—Whip net, a ckns of fabric formerly

made, but now almost entirely superseded by lace, was
really an extension of gauze weaving of a very

complicated character. The pattern given in Plate 9,

Fig. 17, may, perhaps, be called a species of whip net,

though of the simplest kind. What is termed the

whip or crossing thread, is made to pass over a greater

distance than in ordinary gauze weaving, and fre-

quently they not only cross what might be termed
straight threads, but also cross each other, the crossing

of the weft threads between them at the point or points

of intersection keeping them in their places. Some-
times these weft threads would be so thin as to be
scarcely visible to the naked eye without careful exami-
nation; and the whip threads being thick, all the

appearance of lace would be obtained by the variety of

crossing and interweaving. Although whip net produced
some beautiful fabrics, it has been superseded by bobbin
net and lace, partly because of the superior figured

effects which can be secured, but mostly on the groand
of economy.

Bobbin net, as its name implies, is formed by having
a series of bobbins, which are made to travel to and fro

in a pair of " combs," or bars. A series of threads are

placed vertically, and the bobbins, which are extremely
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thin, are passed through between them from one comb to

the other ; they are then returned, hut not through^

between the same threads. A lateral motion is given to

the combs, or bars, termed " shogging," so at to move the

threads to a different position in relation to the bobbins,

thus causing them to pass through between different

threads at each movement. The effect of this is to cause

the bobbin thread to twist round the straight, or what
may be termed the warp thread ; and as bobbin and
thread are moved at each passage of the bobbin, the

bobbin thread is passed round each warp thread in

succession, as shown in Plate 9, Fig. 18. Sometimes
small spots are formed upon net by one thread

traversing a number of times across the " mesh," but
these are not large or elaborate, and call for no special

skill, except so far as applies to regulating the move-
ments of the machine.

Net very nearly approaches lace in its structure, but

in the latter more elaborate designs can be produced.

103. Lace.—It is not our intention to deal at length

with designing lace for two reasons : firstly, lace

is not strictly sjjeaking a woven fabric, and secondly,

because to do justice to the subject it would require a

complete work in itself. "VYe shall, therefore, only refer

to the general character of the structure of the fabric,

and the manner in which patterns are formed, so that we
may be able to compare with other fabrics.

If we examine the cheaper kinds of lace curtains, we
shall see readily how the fabric and design are form'ed

;

and we can then understand more easily the formation of

other kinds of lace. In the curtains referred to there is

first a straight warp thread ; along with this is another,

which when no figure is being formed remains with the

straight thread ; these two have constantly a third thread

twisting round them. When figure is to be formed, the

figuring warp thread passes from one straight thread to

the next, is made fast to it by the twisting thread, then

returns to its former position as shown in Plate 9, Fig. 19.
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This passing and repassing of the figuring thread

is carried on with each one all over the fabric, according

to the pattern to be produced.

This is, perhaps, the commonest kind of lace, but it

will serve to convey an idea of how lace is made. In

other kinds of lace those threads which we have spoken

of as straight, and which in the common laces

remain straight, are drawn out of their course by the

varying strain put upon them. A similar kind of

twisting action takes place with the bobbin thread, but

the warp threads are varied in their thickness. They
are made to traverse varying distances, and are bound to

difierent ends by the twisting of the weft or bobbin

threads ; this, coupled with the varying tension, causes

them to be drawn, and to make any pattern that may be

desired.

It will be apparent that lace gives by far the greatest

scope for producing ornamental open texture. The whole
fabric is formed of such texture ; the shape of the

openings, the lines made by the thick or the twisted

threads are capable of infinite variation, so that the

texture may be as light, as open, and as varied as ever

the designer may please.

In net we cannot have the same variety; the "mesh'"'

will be of the same foi-m throughout, most generally

hexagonal, and any figuring will be limited, usually to

small spots ; while in gauze weaving we have something
which may be said to come in between the two, and is

capable of producing effects which cannot be obtained in

either net or lace, whilst, of course it cannot give the

ejffects which lace can. In gauze cloths, as we have
shown, we may vary the weight and texture in any
degree, and at the same time ornament by the texture.

"VYe may combine gauze weaving with any or all of the
other forms of weaving, and form such j^atterns as we
like. In fact, the combination of gauze with other

textures affords more scope for the production of

ornamental fabrics than any other class of fabric or

N
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texture. In lace there is not this power of combination,

and we are therefore limited to the production of light,

open textures.

CHAPTER YIII.

PILE OR PLUSH FABRICS.

104. The Classification of Pile Fabrics.—We have
now but one kind of fabric to deal with, so far as the

ornamentation in the structure is concerned, and that is

the class known as plush or pile fabrics. This class

differs in appearance from all others, having on its

surface a series of short threads which issue from the

cloth, and present the ends of the fibre to the eye, or

the threads issuing from the cloth in the same way form a

series of loops. We will examine each section in detail,

so as to see to what extent the principle of orna-

mentation can be carried in it, and also its combination

with other orders of weaving.

It may be said sometimes that pile fabrics are divi-

sible into two classes, cut and uncut, or cut and loop pile,

but that is not a sufficient division. They are separable

into two kinds more distinct than cut and uncut

—namely, weft and warp pile ; that is, when the pile is

formed by weft, or when it is formed by warp.

105. Weft Pile.—Let us deal first with weft pile,

and examine it in all its forms. It consists in the

first instance of a series of weft threads bound into the

ground cloth at intervals, and floating over the sur-

face loosely after the manner of a figure. This loose

material is then cut by using a long bar of steel made
into a knife at the end. This knife is extremely sharp,

and is provided with a guide, which is simply a narrow
piece of thin sheet-iron doubled so as to form a groove

which fits on the knife. As it leaves the point of
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the knife, the iron is welded into one piece, and is

tapered off to a point, more or less sharp according to the

length of the plush to be cut. This point is inserted

under the weft floats, and as the knife is pushed forward

it raises the weft up to the knife, which severs it, so

forming the cut pile on the surface of the cloth. Take,

for example, the section of a velveteen in Fig. 87,

where two picks of weft are sho^vn, one of ground and

Fig. 87.

one of pile. The ground weft forms with the warp quite

a plain fabric, while the pile weft passes under one end

only and over seven. By inserting the point of the guide

of the cutting knife under this pile thread and pushing it

forward the tapering form of the guide will raise it up
until the guide just holds it tight, when the knife coming

in contact with it severs it, as shown at />, a being an

uncut loop, just as it comes from the loom. Thus the

pile is formed.

106. The Structure of the Cloth, and Binding
Weft Pile.—We must consider the structure of the cloth

most carefully in order to determine the best mode of

binding the pile into the cloth, so as to make it serve the

most useful purposes, and also the best distribution of the

pile over the surface of the fabric. The ornamentation

of the fabric may be left for after consideration, or we
may deal with it as we refer to the different modes of

structure, as well as the uses to which pile-surfaced

fabrics may be applied.

The binding of weft plushes into the fabric to secure

firmness is one of the most important questions in con-

nection with their manufacture ; for if it is not firmly

bound it will not, in the first place, permit of its being

cut—the knife will pull it away from the cloth ; and in

the second place, even if it were cut^ it would constantly
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be coming out in wearing. There would be no power
to resist friction, and these are matters which must
not be neglected. The firmness of the binding is in

some degree dependent upon the compactness of the

fabric, the firmness with which the threads forming the

ground texture are bound and beat together, and perhaps
more especially the closeness of the weft threads, so that

the pile weft which is introduced between them shall be
gripped, as it Avere, in a vice. It is also in a measure
dependent upon the manner in which the pile weft is

interwoven into the ground.

Very frequently the pile weft passes round only one
end of the warp, as shown in Fig. 87. Then it may be
said of such that it can make no difierence how this bind-

ing point is distributed, because it will have to depend
entirely upon the pressure of the ground picks on each

side of it to secure it firmly in the fabric. The fact, however,

that numbers of patents have been taken out for different

modes of binding so as to make the pile more firm, and
even when only passing under one end, proves that there

must be something more than the mere pressure of tho

tveft threads, or that this pressure may be increased by
che mere arrangement or distribution of the pile. Let us

take the case of a pattern of velveteen we have now
before us, examine the manner in which it is made,

and how it might be made, and see what the effect

would be in each case. Fig. 88 is the plan of the cloth.

It will be seen that there are four picks of

HDDnnnnn P^-^® weft, each floating over seven ends and

nnHDnnHn binding under one only. Then there is a

HDHnSnia P^ain pick, the four pile picks are repeated,

nnDDBDnn ^^^^ there is another plain pick. Those

nnnnnnSB *^^ plain picks will form a perfectly plain

Fig. 88. ground. Now, with regard to the pile

picks, an examination of them will show
that the four taken together would be equal to one

plain pick—that is, every alternate end is occupied

by them, and the same four ends are passed under by
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the plain pick immediately following. Then the four

pile picks are exactly repeated, and the next ground pick

passes under the ends which have been passed over, and
over those which have been passed und-er. Thus the first

four plush picks would constitute as it were one complete

plain pick, the ground pick a second, and the next four

plush picks a third ; so that we have an exact equivalent

to three picks of weft in one shed, or under and over the

same ends, and one in the contrary shed, or under those

which have been passed over before, and over those

which have been passed under. Now those three picks

coming together as one, or, more correctly speaking, the

nine picks coming together as three in one, will form one

very solid mass when pressed together by the crossing

of the warp for the next pick, and the driving of the

latter up to the cloth, and each will help to bind the

other into the fabric. The nine also becoming one, will

allow a considerable number of picks per inch to be put
into the cloth, so that v/e shall have weight, closeness of

the pile, a solid compact cloth at the back, and the pile

bound firmly into it. But there are other ways of look-

ing at the subject. We may obtain too much weight of

cloth if we beat the pick up close enough to make the

pile firm. We have been speaking as if we were beat-

ing the weft as close as possible in the process of weaving,
but if the cloth we have produced is too heavy, and we
simply reduce the number of picks per inch, and retain

the same arrangement of binding, we shall loosen the pile

just in proportion as we reduce the picks.

That will not answer our purpose. How- nlBnannS
ever much we reduce the weight we must nnDHnaBH
keep the pile firmly bound. Then suppose BnBBSnaS
we adopt the arrangement shown in Eig. nnnSHnn
89; this would have the effect of making gggHHggg
each set of four plush picks and the ground pig. 89.

pick following it go together as one, so that

instead of being practically three picks together as one, and
then a single one as in the previous case, they would he
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double picks tlii'oughout. This would possess two ad-

vantages : first, the plush would be even more firmly

bound, because each set of plush picks is followed

by a plain pick passing over the ends they have
passed under, and two picks going together as one
would make the whole order of interweaving firmer

for the same weight, or equally firm for less weight

;

and secondly, the pile would be binding with all the

warp, instead of only with every alternate end, as in the

previous case, so giving more even distribution of ten-

sion upon the ends than before, and consequently a better

constructed fabric.

Suppose, again, that the plush picks are arranged in

their order of binding, that one portion of them goes into

the same shed as the ground pick which precedes them,

and the other portion into the same shed as that which
follows them, they would require to be arranged so that

equal quantities went into each. And even then they

could not be held with the same degree of firmness as if

they all went into one shed, because the pressure upon
them ])y the ground picks would not be so evenly distri-

buted, there would be a slight degree of waviness given

to the ground weft picks which would make them hold

one portion of the plush more firmly than another.

Binding the plush with one end of warp is sufficient

only when the weft is so closely beaten into the cloth as

to exert great pressure upon the pile, and hold it by
pressure only ; and in a large number of

nSnHDDDDDn instances there is not enough of thisy pressure; in fact, it may be said that

nnaDHSBSaS ^ *^® majority of plushes there is not.

nSaBanDnnS Then when such is the case we must

DSBHaaHSSS i*esort to other means or methods of

DaSaDDSHS binding; we must let the plush weft

Fig. 90. interweave with more of the warp
threads. We have a plan in Fig. 90 of

a velveteen similar in its arrangement to that shown

in Fig. 88, but having the plush pick intei*weaving
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with three warp ends, instead of one only. There are

five plush picks to each ground pick ; the pattern

occupies ten ends instead of eight, but as the plush weft

interweaves with three ends instead of one, the length

of pile is just the same, floating over seven. The first

five plush picks go under the same ends as the second

ground pick, so do the second five, so that five complete

picks go under every alternate end, and only one—the

first ground pick—over them ; thus it is equivalent to

having five picks together in one shed, and only one in

the other. Now this plan will possess all the advantages

pointed out in reference to Fig. 88, with the additional

one of the plush being even more firmly bound by inter-

weaving with more warp ends. The back of the cloth

will present less of the appearance of a plain fabric than
even will that of Fig. 8S, but it will form decided ribs,

and there will be more strain thrown upon that half of

the warp under which each plush pick passes. Certainly

this strain will be somewhat neutralised by the thread

having to pass over one only, but it will still be greater

than the other portion of the warp. If

we arrange the plan as shown in Fig. 91 SnSBnDDDnn
we shall neutralise this, and give more SnnHnBnBSa
plainness to the back cloth, and more DnSnaDSaSB
firmness to the binding. There is, per- BIBSBSBSBS
haps, one advantage, or so-called advan- BSBBBSBSBS
tage, in the arrangements shown in BBBSBSBSBS
Figs. 88 and 90 over those shown in rig. 91.

Figs. 89 and 91—namely, in imitating

warp pile. In the latter the pile runs distinctly

in rows across the piece, because of its being formed
with wires, as we shall show ; and the arrange-

ment of Figs. 88 and 90 will give more of the same
appearance than Figs. 89 and 91. In each of the
examples we have given there are four plush picks to one
ground pick, and these four are distributed over the
whole surface ; but it must not be taken either that there

are always four plush picks to one ground pick, or that
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the plush picks between each pair of ground picks are

distributed over whe whole surface ; the number of plush
picks will be regulated to some extent by the density of

the pile required, and the distribution which takes place

between each pair of ground picks will be dependent
partly npon the number of plush picks to one ground
pick and partly upon the length of the pile. For
instance, if we were only having two plush picks to one
ground pick in such a pattern as shown in Fig. 88, we
should only occupy two ends out of the eight, while with
the same proportion of picks in Fig. 90 we might occupy
every alternate end, so that the order of binding will

also interfere with it.

The patterns we have given in Figs. 79 to 82 are

what are commonly known as "tabby" velvets, or

velveteens; the term "tabby," as used in the trade, being

synonymous with "plain." And in such patterns it

appears to be a general practice to occupy only every

alternate end, and in most cases also

HnannnnDDnnDnn ^^ preserve the arrangement shown

DnnnsDDnDnnnnn ^^^ -^^o^- ^° ^^^^ ^^^ c>i navmg one oi

GnSnnDBDDDDDnn ^'^^ ground picks to go into the same§ shed as the plush on each side of it.

nDnnDannDannHD There are some exceptions, and some

nnsDnnDnDDDDDn of these are amongst the patented

DDDnSnBnnDnHnD patterns. One feature of the perfect

BBBHBBSRSBBBHH binding of plush into the ground,

nnDBaBaBDnEDDn which has been made much of by

bBBBBBBBBBBBdB practical desioiiers of fabrics, is that

ddSdBdBddBdBdB the ground pick succeeding the plush

BBBBSBSBBBBBBB picks shall be contrary to those plush

nBnBnBSnSSBnBn picks in the order of interweaving at

BaBBBBBBBBaBBB ^^^ point where they bind into the

Fig. 92. fabric. This is shown in Fig. 92,

where the ground is not 'quite plain,

but nearly so, and the departure from plain is evidently

due more to a regard for the proper binding of the plush

than from any desire to produce a pattern on the
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ground fabric. This is a most ingenious arrangement,

and effectually secures the perfect binding of the plush

into the cloth. The same principle of arrangement is

applicable to plushes of any length, or with any number
of picks of plush between the ground picks, or with the

plush binding into any number of warp threads.

"Tabby" velveteens, or velvets, are only suitable for

the production of light fabrics. The pile may be

tolerably dense_, but the ground cloth cannot be very

heavy, because of the order of interweaving preventing

the threads coming very close together ; and as the pile

cannot v/ell occupy more than every alternate warp
thread between the ground picks, the number of them
issuing from the cloth in a given space cannot be so

large as if there were more ground picks per inch. Then
if we wish to increase the bulk or thickness of

the cloth we must substitute twill or satin for n.'jnnHn

the '* tabby." If we do that our binding of bbdhbd
the plush cannot be so firm or perfect if it only DDDDHa
passes under one end, but if interweaving with DDHDaa
more than one end it may be equally perfect.

We have in Fig. 93 a plan of a velveteen with
a three-end twill ground, and two picks of plush to each
ground pick. In this it will be seen that again the

principle of occupying every alternate warp end in

binding the plush is employed, and also that every

alternate plush pick falls in a different position

DDDDla ^ relation to the ground twill, and conse-

BDDDnH quently that one half the plush will be more

SHnDsa firmly bound than the other. Again, in Fig. 94

BnnaBB ^^^ have another pattern upon a three-end

oanBIn twill ground, but with three plush picks to

SHddHB ^^® ground pick. In this, only one-third of

Fig. 94. the pile will be imperfectly bound. Now all

the'se are patterns which have been regularly

used, yet they are not free from defects in their

binding. They have probably depended more upon the
mere quantity of the material which the fabric con-



202 DESIGN IN TEXTILE FABRICS. [Chap. VIIL

tained for the firm binding of the plush than upon any-
thing else, but this is not satisfactory ; each pick should
be equally perfect in its binding to ensure a good cloth,

but with a twill ground, and more than one plush pick
to one ground pick, this is diflS^cult to attain when the
plush passes under one end only, but if the plush inter-

weaves with more than one end, then it can be bound
perfectly. We showed in Fig. 91 the method of binding
into more than one end upon plain ground, and
also the best mode of making the pile firm. Precisely

the same rule will apply to twill grounds, only that

instead of interweaving with three ends it would be

probably with four, or even

;—r\.. '/^Cr/^'''''^Xy\'' '/^ perhaps more, after the

manner shown in Fig. 95.

In this section it will be
seen that the pile issues from the cloth between two ends,

which are passed over by the succeeding pick, and which
are in consequence pressed close together at that point,

and so tend to cause the pile not only to be firmly bound,

but also to stand more erect on the surface after it is cut.

In most pile fabrics the systems of binding shown would
be quite sufficient to hold the pile quite firmly in the

fabric ; but sometimes the nature of the material, such,

for instance, as mohair, renders it desirable to bind it

more firmly into the cloth. Then, if the ground be
plain, the pile may bind into as many ends as is desired,

and a number of picks going to form one, always being

arranged so that the point where the first pick, say,

issues from the cloth, the next pick enters it so that the

pick formed by the succession of plush picks shall be

one complete plain pick, just as the five picks in Fig. 90
form two complete picks.

107. Distribution of Pile.—We now come to the

question of the distribution of the pile, and here there are

two distinct features to consider—first, equal distribu-

tion, so that the whole surface of the fabric shall be

equally covered ; and second, the arrangement, so that
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what are termed courses for the knife shall be regular.

Although, as we say, these are two distinct features,

and both often exercise the mind of the designer, yet if

the first condition be properly complied with, the second

must be. Let us see what this distribution means.

In the patterns Figs. 88 and 89 the four plush picks

are arranged in what is commonly known as four-end

satin, or satinette order. Each alternate end is occu-

pied by a plush pick, but not in consecutive order. In
this particular case they might have been arranged in

consecutive order, as what may be termed the pattern is

complete between each ground pick, but if there had
been only two plush picks and one ground pick, then

there would have been a tendency to show a twill, and
this would not only have been apparent at the back of

the cloth, but also on the face of the plush. Again, in

Fig. 90, the plush is arranged in almost what may be

termed a twill order, though not following on consecutive

ends, yet from the manner in which they issue from the

cloth, and the " pattern " again being complete between
the ground pick, no twill will be visible. Generally,

the best arrangement of plushes is that of a satin order,

the number of changes being regulated by the length of

the plush, and the number of plush picks required to

complete " one round of the pattern." If we keep our
plush distributed equally in this manner, we at the same
time also insure regular courses for the cutting knife

;

the pattern being in regular order, the distribution per-

fect, we are of nece-ssity bound to have perfectly straight

courses. But if this regularity is not preserved, if the

binding is distributed irregularly over the fabric, then the

courses will be irregular, and the cuts will be "heavy
and light "—that is, in one course there will be more
material to cut through than in another, and sO irregu-

larity in the quantity of pile on the surface and difficulty

of cutting properly will be produced.

108. The Effects of Cutting Plush.—Cutting the

plush has quite as much to do with the ultimate appear-
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ance as the regularity and perfection of the binding,

though in the short plushes of which we have been
speaking not so much ditference can be made, perhaps, as

in longer plushes. We have already explained how the

plush is cut by the knife and guide. Now, this guide

plays a most important part ; its first function is to raise

the thread up to the knife, but it must also determine

exactly where the knife shall cut that thread, in the

middle of the float or elsewhere. This is governed by
the size of the guide itself ; if the pile is all to be of equal

length—that is, the float of weft to be cut exactly in

a the. centre—then the

guide must be just of

0(y^O(:/^y^:/A/• such size that it will

Fig. 86 fill the space between
the weft and the cloth

of one float only. Take, for instance, Fig. 96, where two
weft floats are shown binding at two diflerent places, as

would be the case of any two picks in a plush pattern. If

the knife-guide is of the proper size, it will pass under only

one of these at once, but if it be not large enough, it will

pass under two or more, as at the point a. In that case,

instead of the thread being severed into two equal parts,

one will be much longer than the other. Instead of

being cut between the two binding points of one thread,

it will be cut between a binding point of each thread,

and so produce long and short plush intermixed.

109. Imitating Skins of Animals with Plush.—In
such fabrics as velveteen, and others where the pile is

very short, this would be a fatal objection; the surface

of the pile would present a most irregular appearance,

but wherfe' the pile is of considerable length it may
be an advantage. Very frequently plushes, more espe-

cially weft plushes, are made to imitate the skins of

animals. IVIost people are aware that a great many ani-

mals have next the skin a short close fur,' covered

with a longer hair, the hair lying over the fur and

serving to turn off the wet, while the fur serves to keep
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the animal warm. In imitating such furs two lengths of

plush must be formed. Sometimes this may be got sufR-

ciently well merely by the cutting, using a guide so small

as to catch two or even more picks, after the manner
shown in Fig. 96, and so producing long and short. If

three picks at different points of the pattern are caught

by the guide, there will of course be three different

lengths of plush, and so on. Sometimes, however, this

does not give sufficient difference in the length of the plush,

and the floats of the weft are varied—in fact, two dis-

tinct plushes are combined upon one ground ; say, for

example, one having a float of an inch in length, or even

more, to form the long hair, and the other having a float

of only a quarter of an inch. In cutting these, one of

two courses must be adopted : either the long plush must
be cut first, with a guide which cannot enter the short

plush, or both must be cut together with the short plush

guide. In the first case the long hairs may be equal in

length, or unequal, according to the size of the guide used
;

in the second case the long plush will be all equal, and
very nearly of the full length of the float, from one bind-

ing place to another, because the guide for the short plush

will be so thin, and the cuts so frequent, that the long

floats will always be cut nearly close to the bmding point,

the short end of it being just of the same leng-th as the

short or under plush. If two different materials be used,

as flne wool for the short, and silk or bright mohair for

the long plush, some pretty effects may b5 obtained,

and very correct imitations of the skins of some animals
made. Sometimes even three materials, each forming a
diflerent length of plush, may be employed, and more
variety given to the fabric. In making inntations of

skins, the nature of the material employed to form tlie

pile must of necessity be properly considered ; for instance,

in making imitation sealskin, smoothness and brightness of

the fibre are essential conditions. Again, if the pile is

required to stand erect upon the surface of the cloth,

unless it is very short pile,, the hair or fibre of which it

.maStS
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is made must be very strong, so that it can retain its

erect position.

110. Density of Pile.—Another question now arises—namely, the density of the pile. If it must stand erect
it must be tolerably dense; that is, there must be
a great many pile threads issuing from the cloth in a
given space, so that they can support each other. To ob-
tain this density of pile the number of plush picks to one
ground pick must be properly proportioned to the length
of the pile and to the number of ground picks per inch.

It may to some extent be obtained by the use of thick
pile weft, but this must not be carried too far, else it

will appear rough and coarse. In obtaining density by
an increased number of plush to one ground pick, we
must not carry the proportion too far. Fig. 90 will

represent what should be the limit ; in fact, it goes
almost too far. The ground picks must be sufficient to

form a fabric of such weight and strength as will carry
easily the pile to be put upon it. Perhaps the pile weft
may take part in the actual formation of the ground
fabric. Sometimes it does ; then, of course, more strength

is given to the structure. These are all matters in which
the designer can only be guided by the circumstances of

the case immediately before him. Empirical rules cannot
be laid down, and if an attempt were made to lay such
rules down they would only be misleading.

111. Special Effects produced by Yarns.—The same
remark will apply also to the preparation of yarns for

forming pile to produce special effects. For instance, in

the imitation lambskin the yarns must be made from soft

fine wool, with good felting properties ; the softer it is

spun into the thread—so that it will hold together to be

cut—the better. Then after it is cut it must undergo a

teazing process to separate the fibres as effectually as

possible ; then they are felted until they form little

" cots " all over the surface of the cloth. Again, in the

imitation of dog and other skins, the yarns must undergo

a preparation which will give them the proper amount of
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wave or curliness ; and in some cases the subsequent

processes of jGoiishing assist or intensify these effects

;

however, all such must be left to the ingenuity and skill

of the designer, and a due consideration of the effect he

desires to produce.

112. Corduroys.—Plushes, in addition to being dis-

tributed equally over the surface, are often made to

produce patterns upon the ground cloth, such, for instance,

as stripes, which when they occupy a small space are

commonly called cords, or, when they run the length

of the piece, corduroys. They may also run across the

piece, or in diagonal form. Figures are also formed.

In the small cords or corduroys the principle of

binding referred to in velveteens is usually employed,
only that the binding of the plush is not dis-

tributed over the whole surface, but confined to

a few ends. We have in Fig. 97 a simple cord

on a plain ground cloth, which is known as a
"velveret on tabby back." In this the bind-

ing of the plush weft is confined to two ends
throughout, so that when cut up between the bindings

the pile will form a rib or cord. In Fig. 98 we have
the same cord on a three-end twill back, other-

wise known as the " Jeanette " back. In these

two patterns there is nothing which calls for

special remark, except the formation of the

cord : it is one of the most simple which can be

nnnnn
DHnnnnnBDBDnaana
nHDnnn
OBDaDB
rig. 97.

nannnnnnnDD
DBflnananannnnnDaanH
-DBnnnnnnnnnDHBD
Fig. 98.

made. In Fig. 99 we have
one on a four-end twill ground,

which is a more perfect form of cord.

These cords, to give the best effects,

should be rounded on the top ; that is,

the pile forming the centre of the cord

should be longer than that forming the

sides, so that it will stand above it and pig. 99,

give a rounded appearance. In the

patterns given in Figs. 97 and 98 this will take place

to a slight orient, but in pattern Fig. 99 it will be more

nnnnannnnnn^
nnnnnnnnnnan
nnH^nnnanna
nnnnnnnnnnna
nnnnnannnnHn
nnH^nnHBuGB^
nnnn^nnnnnn^
nnnnnBnncnBn
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nnnnannnnnnB
nnnnnannnnBa
BnnBBnnBBnn
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marked. Take the two plush picks which occur between
each ground pick. Tlie first pick has a float of four and
then of six ends alternately ; the second pick is the same,

but the long float of one follows the short one of the

other. The cutting will sever both threads in the centre

of the float, so that the longest ends of pile will be in

the middle of the cord, and the shortest ones at the

sides or edges. This, then, will give a greater degree of

roundjiess than in Fios. 97 and 98. Althouo-h the

pattern in Fig. 99 will give a rounded cord, in many
cases it is desirable to have even more roundness and
prominence imparted to it ; this may be done by giving

three or four difierent lengths of float to the pile weft,

and generally arranging them so

DnDDDDaDaaDnnnnn "^^^^^ ^"-^ longesL are siigntiy pre-

SBSSHHISSBISHSSS (dominant in quantity ; such, for

BgSHHgggBSSBBSSS instance, as that in Fig. 100, which

nnnnnnaDBDDnnnnn wouia proauce a veiy ooia corci.

BBaDHBinSB'SBB I^ this pattern one of the two plush

SBBSyBBiSBBSSBBS picks forms the edges of the cord

Fig. 100. only, while the other forms the

intermediate and the centre^ thus

giving more threads issuing from the centre of the cord

than the edges. This would make the cord very full up
the centre, but as part of this would fall towards the

edges instead of remaining perfectly erect, it will supply

proper roundness to tlie cord. Cords of this description

may be made of varying widths, and with any degree

of roundness ; and they may not only be made as

plain straight cords, but as fancy ones, and of varying

sizes.

113. Diagonal Cords.—It is not necessary that we
confine ourselves to cords running either the length of

the piece, or simply across it, parallel or at right

angles to the edges, but they may run diagonally, and
the weft which forms the pile rib may either be intro-

duced to form the rib solely^ or it may take part in the

formation of the ground. After the consideration we
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have given to straight cords it will not be necessary to

say much about diagonal cords : the principle of structure

and binding applies equally to both ; the roundness of

surface on the cord required in one may be equally

desired in the other, and the mode of obtaining it would
be the same. In fact, instead of binding all the plush

picks upon a given number of ends, they would be dis-

tributed upon all the ends composing the fabric, and
following each other in a diagonal direction.

114. Figured Plushes.—Figures may be formed Avith

weft plush in the same manner as cords or diagonals,

simply by binding the plush weft into the cloth where
figure is to be formed, as though the whole surface were
to be covered_, and where there is to be no figure, either

let the plush weft enter the ground as part of it, or float

loosely over it. In the latter case^ the loose material
which is not forming pile will have to be cut away.
Some very pretty efiects may be produced in this

manner, as also in the formation of figures by different

lengths of pile, or by the use of diflferent colours of pile

weft. In fact, we have in this system of ornamentation
the means of producing
great variety of effect, as

well as most useful fabrics,

not only for wearing but
aswarm articles of clothing.

115. Chenille.— Che-
nille is another class of

fabric, if we may so term
it, which though used for a
great variety of purposes,

may be classed among weft
plushes. The mode of its

manufacture is by weaving
weft into a warp having its threads set in small groups a
short distance apart. After the piece of cloth is woven,
the whole of the weft is severed between each group of
warp threads, thus cutting the whole fabric up into
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narrow shreds, as in Fig. 101. Here the warp threads

are shown in groups of three, and are intersected by
the weft in regular order ; sometimes these warp
threads weave with the weft in perfectly plain order,

but in the best formed chenilles they are woven as

gauze, thus holding the weft more firmly in the warp,
making the cutting more easy and certain, and making a
more durable article. After the chenille is cut it is

twisted, all the three threads of warp being thus formed
into one, with the short threads of weft projecting from
it all round, makiiig as it were a fringed thread. This
twisting tends to hold the weft fringe still more firmly

in the threads of warp, so that if in the plain woven
fabric it can be held sufficiently firm to resist being

pulled out in cutting, it will become more secure after

the twisting operation.

116. Sham Plush.—One of the uses to which chenille

is sometimes applied is the production of what may be
termed sham plush ; that is, it is woven into a cloth as

weft, and the loose fringe formed on the thread, as before

described, projects itself through between the warp
threads, and so gives the fabric the appearance of a plush.

If it is woven into a plain piece, there is, of course, the

same quantity of plush on each side of the cloth, but if

thrown pretty loosely on the face it will present very

much the appearance of an ordinary plush, and can be

made much more economically. One thing which is

necessary iii making cloths with chenille weft is to have
the warp threads pretty wide apart, so as to give the

loose fringe an opportunity of projecting itself between
them ; if put into a closely set fabric it would not have

an opportunity of doing this, and would consequently be

nearly, if not entirely, lost. Chenille, if judiciously

used, gives some very pretty efiects indeed, and at a

cheap rate compared with what can be done with other

kinds of plushes.

117. Warp Pile.—We now come to the question of

the formation of pile or plush on the surface of
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fabrics with warp. The principles involved in the

formation of pile of this description are similar to

those of weft pile, the warp taking the place of weft,

but the modus ojyerandi is different. In the formation

of weft pile two wefts and one warp are employed ; in

warp pile, two warps and one Aveft. In the former the

cutting takes place usually after the cloth comes from
the loom, in the latter usually in the loom, or the pile

may be left uncut and form loops ; so that we have two
forms of warp pile, commonly known as " cut " and
"loop" pile, or "cut" and "Terry" velvet. AVhether

the pile be cut or uncut the structure of the cloth is the

same ; it is merely a question of using the knife or not.

We will first examine what is knoAvn as common velvet

—as there as several modes of forming the pile, or rather

of binding it into the cloth—so that we may obtain a

more ready and accurate idea of the general principles

upon which the binding is effected.

118. The Structure of Velvet.—In the first place,

velvet is formed by the pile warp issuing from the cloth,

passing over a wire, and then passing into the cloth again,

where it is interwoven, so as to secure it firmly. "We
may bring the whole of the pile warjD at once over the
wire, or we may bring only a portion of it, but in either

a a
\

PJ^. 102.

case we must consider the binding, so as to properly

secure it ; and in the event of bringing only a portion

over the wire at once, we have the double consideration

of binding and proper distribution. Suppose we first

bring the whole of the pile warp over each wire, as

shown in the section in Fig. 102, we bind the pile

threads into the ground in the order of plain weaving
between each wire. In this section the loops are shown
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just as they are formed by the wire, except at a, where
they are shown as cut. Now, one feature of this section

must strike the reader : the pile issues from the cloth

after a pick is inserted, passes over the wire, and returns

to the cloth before another pick is inserted. To secure

the pile properly in the cloth it must pass under the

pick which precedes the wire, and also that which
follows it, and the ground thread next to it must pass

over both these picks, so that virtually both are in one
shed. It must not be supposed from this section that

the pile thread necessarily forms part of the ground,

that is, that the thread seen here and the ground thread

accompanying it are the only two representative threads

of the cloth; but a ground thread accompanies the pile

thread in the order of interweaving in the ground, so

forming a double thread throughout, except in passing

over the wire, when they separate. Thus this arrange-

ment secures the pile firmly into the fabric, and the

double pick has also another advantage—namely, that the

pile threads issuing from and returning into the cloth

between two picks which are contained between the

ground threads in the same shed, and which are beaten

as closely together as the thickness of the pile warp will

permit, are held firmly together, thus supporting each

other and standing erect upon the surface of the cloth.

This method of binding the plush gives all the security

to the binding which is required, but it will form distinct

rows or ribs across the piece. If the pile warp be thick

enough, and spread itself out sufficiently on being cut,

these rows will be hid, but if the cloth be doubled back,

each row will at once disclose itself. This is certainly a

characteristic of all velvets, and is the feature we
referred to in Art. 106, which is imitated by the

velveteen when two sets of plush picks and one ground

pick pass into practically the same shed, thus giving a

sort of ribbed efiect to the back of the piece, and showing

the plush in rows. If we are making our cloth with fine

ground weft these rows would be so close together as not
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to be at all objectionable; iii fact, not visible to the

unassisted eye. Again, in the process of weaving we
must consider the eft'ect of weaving in this manner. If

the warp be a smooth thread and not over thick, as silk,

for instance, we may raise or depress all the pile threads

at once, without fear of " choking " the shed, but if the

pile threads be very thick, or not of the smoothest

nature, or too closely set, then there would be a probabi-

lity of "choking" as they pass between the ground,

threads, and probably also the rows and the openings

between them would be too decided. Then in such cases

we must divide the pile warp into at least two portions,

and bring each portion over the wire alternately. In
doing so we alter the structure of the cloth. Practically,

each portion of the pile warp is bound into the fabric,

just as shown in Fig. 102, but as we have tivo portions

to consider, each to be bound in a similar manner, the

order of succession of ground picks in their relation to

the ground warp must be altered'. A section is given in

Fig. 103, showing the method of binding the warp when
bringing only half over the wire at once. The black line

Fig. 103.

represents one portion of the pile warp, and the dotted
line the other portion, the ground end being represented
by the double line. In this, as in the previous arrange-
ment, the pile issues from and returns into the cloth

between two ground picks which are in the same shed,

being held so exactly in the same manner. Again, on
returning into the cloth it passes under one pick, over
two which are in the same shed, and under another,
when it again issues from the cloth; so that practically

each portion of the pile weaves into the ground in precisely
the same way as in the previous case—namely, three
ground picks and a wire, two of the picks being practically
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one, so far as this portion of the pile is concerned. Then
the other half of the pile warp issues from and returns

to the cloth between the next pair of picks, thus making
a loop at every two picks of the cloth, but two picks

always going into the same ground shed, being separated

by the pile warjD as it issues from and returns to the

cloth. Such beinsf the nature of the structure when the

pile warp is brought to the surface in halves, there must
be a better distribution of the pile. The firmness of the

-

' binding and the texture of the ground cloth will be
practically the same in both methods of working, but in

the second the rows of pile will not be so decided, their

greater frequency, and the fact of only one half the

pile coming to the face at once, tending to equalise the

distribution, and give a more regular appearance to the

pile, more especially if thick yarn, or yarn made from
strong fibres, be used.

What we have said has more especial reference to

velvet, or cut pile. If it be uncut, forming loops, so

far as the binding or the pile running in rows is con-

cerned, there is no advantage in either system, because

the pile will always stand in rows, just as it is left by the

wire, but by bringing half the warp up at once we can

get the rows closer together ; and although each row of

the pile brought over each wire cannot be quite so much
in quantity, as if all the warp be brought up at once, yet

the increased closeness of the wires, and the fact that we
can have the warp more closely set, ^dll enable us to form
a greater quantity of pile on the cloth.

119. Pile formed without Wires.—Loop pile may
be formed v/ithout the use of wires, but its appeartince is

nofc so regular; although formed in rows, the loops do

not stand perfectly straight, nor exactly equal in height

;

thus they intermix with each other,- and give a very

rough appearance to the fabric. This kiiid of pile is

most used for bath towels and similar articles.

120. Ornamenting Pile Fabrics.—We must now turn

our attention to the ornamentation of pile fabrics. This



Chap. VIII.] ORNAMENTING PILE FABRICS. 215

we may deal with under two heads : first, the decoration oj

pile fabrics, and second, the decoration of fabrics with pile.

The first idea which naturally occurs in connection

with the ornamentation of fabrics is the use of colour.

In ordinary velvets, whether cut or uncut, colour can

only be used under certain conditions, and consequently

can only give some specific character of ornamentation,

and not be used in a general way. The pile formed on
the surface of the fabric entirely covers the ground cloth;

then any ornamentation which may be visible must b^'

formed with the pile warp. If we introduce variety of

colours into that they must necessarily run in stripes

;

figures could not be formed. The warp consists of a

number of threads laid side by side. If these threads are

of diflferent colours, a given number of one colour, and a

given number of another, when woven into the fabric,

and forming the pile on the surface, exactly the same
stripe must be presented on the cloth as in the warp, so

that our power of ornamentation in that direction is

limited. Then our chief power of ornamentation must
be by forming patterns in or with the pile itself, in a
f'reat measure without the aid of colour. When we
speak of the ornamentation of pile fabrics, we naturally

conclude that the whole surface of the cloth is covered
with pile, or at least that the greater part is so covered, or

that some ornamentation is formed in the pile itself, or

by its being formed in varying quantities on- the fabric.

First of all, we may produce pattern by the pile

varying in length. When such is the case it will usually

be in stripe form across the piece, because the difference

in length is produced by wires of different sizes being
inserted under the pile warp during the process of

weaving, so that it would not be very convenient to form
figures in this manner. Of course figures can be so

formed, but the expedient is not very frequently
resorted to.

The next means of ornamentation is by the combina-
tion of velvet and teriy—that is, cut and uncut ; and this
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is very frequently employed, figures of terry being formed
upon a velvet ground, and vice versd. The same warp
is employed in the formation of both kinds of pile, but
two kinds of wires : one provided with a groove for guiding

the *'trevette," or cutting knife, or having a knife formed
at its extremity so that it cuts its way as it is being

drawn out, and the other being a plain wire wliich when
drawn out leaves the loop intact. No prettier eflfects can
be produced than by this combination of velvet and
terry ; although both are of the same material, and of

the same colour, the contrast between the loop and
the cut fibres marks the pattern very distinctly. One
great advantage of this mode of ornameiitation is that

the texture of the ground cloth is not at all afiected, the

interweaving of the pile with the ground remains the

same ; the same amount of pile is formed all over the surface

of the fabric, the cut and terry simply taking the place

of each other, so that the usefulness of the article is not
impaired, either in its strength or in the wearing surface,

there being no inequalities whatever in the pile. In fact^

this kind of figuring bears the same relation to pile

fabrics that damask does to ordinary figured cloths.

Figures may be formed upon velvet grounds by ceasing

to form pile at intervals ; for instance, taken in its

simplest foran, if we weave say half an inch of velvet in

the ordinary , manner, then cease to insert wires, but
continue to let the pile warp interweave with the ground,

we should form plain cloth, having two picks of weft in

each shed, and with two ends going together as one. We
are now assuming that the pile is formed by bringing

half the warp at once over the wire ; then we should

have alternate stripes of velvet and plain cloth. But
instead of forming simple stripes we may let our plain

cloth form figures, and the figures may assume any form.

Then we are ornamenting by the introduction of patches

of plain cloth, such patches taking the form of figures, and
being distributed according to the fancy of the designer, or

che special effect intended to be produced. When figures
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are formed in this manner, the plain portion of the fabric is

a little more loose in texture than when pile is formed.

As will be seen on referring to the sections of velvet in

Figs. 102 and 103, when pile is formed, the warp separates

the two ground picks, which otherwise go into the same
shed, but if pile is not being formed, the pile warp simply

lies under them along with the ground warp, so that

there is nothing to separate tlie two picks, consequently

they will lie closer together and occupy less space..

Now, if one portion of the fabric has two picks together

as one, and another portion has the same two picks

separated by a series of double threads, one must of

necessity be firmer in texture than the other. Perhaps
this difierence is not such as to have a material efiect in

the majority of fabrics, yet it is necessary to be aware of

its existence, since if the pile warp be very thick, or the

figures be not equally distributed, it may be detrimental

to the structure, and a knowledge of the possible cause

of defects enables us all the more efiectually to guard
against them. •

In addition to irregularities in the texture, the wearing
surface is also irregular, the velvet standing up as a pro-

jection on the surface of the fabric; but for the purposes
to which such goods are usually applied this is not a
matter of much importance. Plain figures of this des-

cription upon velvet grounds are about the raost simple
mode of ornamentation, though a very effective one, the

design produced being of an embossed character. In fact,

common velvets are frequently made to imitate them by
being embossed, but these are not so good for wearing
purposes as when they are properly figured, because that
portion of the pile which has been flattened by pressure

to form the figure will become loose with friction, and
gradually rise to almost its former position and so destroy
the pattern, whereas if the pattern be woven in, nothing
can destroy the clear definition of the figure except the
actual wearing away of all the pile of the ground—a cir-

cumstance which cannot often occur.
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121. Combination of Pile and Figuring with extra
Material.—Fabrics figured in this manner are like those

figured with velvet and terry, necessarily all of one
colour ; but variety of colour may be obtained by the

introduction of extra material, after the manner pointed

out in reference to ordinary fabrics, and in this way
some of the richest possible effects produced ; the

density of colour which is always a characteristic of

velvet, and the variety of light and shade produced by
,
the pile, being wonderfully relieved, and giving the most
beautiful efiects by the introduction of bright or contrast-

ing colours. There is probably no class of ornamentation
applied to fabrics which gives such magnificent results as

combinations of velvet with coloured figures.

122. Pile or Velvet Figures.—We now come to the

ornamentation of fabrics with plush or pile, and what
has been said of the ornamentation of pile will practi-

cally apply to this, in so far as structure of the cloth

and wearing properties are concerned ; the mechanical

operations required for the formation of patterns are also

the same. In fact, we may almost sum up the difference

by saying that in one case the plain or figured ground
cloth becomes an ornament to the pile surface, the latter

of which predominates largely in quantity ; and, in the

other case, the small quantity of pile which forms a figure

becomes an ornament to the ground cloths. The fabric

whicl?we wish to ornament with velvet figures may be

anything—plain, twilled, satin, figured, or gauze. It is

made on the ordinary principles. The warp which is to

form the pile may take part also in the formation of the

"ground ; it m<ay form figures in the ground, or may be

dealt with in any manner when not forming velvet ; then

when it is required to form velvet it begins to interweave

with the ground cloth in the ordinary manner of plain

velvet, and is also passed over wires in the same manner.

Sometimes the velvet is formed in stripes ; when such is

the case there is no trouble with the arrangement of the

design, further than to provide the pile ends in the warp.
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and consequently in the arrangement of the pattern upon
paper, at the places and in such quantities as are

requisite. The stripes may be plain or figured ; when
figured, the pattern is produced by simply passing such

ends over the wire as will form the figure desired, and
leaving the rest in the ground cloth. If the figures be

distributed over the whole surface of the cloth, at greater

or less intervals, then they must be distributed equally
;

in fact, the same rules must be observed as for any
ordinary figures. Plush figures upon a ground fabric ^t,

difier from plain figures upon a plush ground in one
.

respect—namely, that the figure may be different in colour

from the ground, more especially if the figures be small,

because then the pile warp would be treated as extra

material, and thrown to the back when not forming pile.

Of course, in plain figures ujDon plush ground, a similar

effect may be produced by the introduction of extra

material, as we pointed out for the formation of extra

spots ; but this is not so general a practice as introducing

extra warp to form plush figures. Then again we may
combine extra material for the formation of other figures,

after the manner of ordinary cloths between the plush
or velvet figures, or we may figure with the ground fabric.

In fact, we may combine with velvet figuring all other

forms of ornamentation which can be applied to fabrics,

and our velvet figures may be either cut, or terry, or

both.

123. Plush Figures upon G-auze Ground.—We have
already referred to the formation of plnsh upon gauze
ground, but that will call for a few ^ore words here.

As it is shown in Plate 12, Fig. 14, the pile is formed
upon the gauze ; that is, the twistings of the gauze threads
take place between the loops of the pile, so that really

there is no solid ground fabric under the pile. This is a
very pretty and useful mode of working, but will only
serve for very light fabrics, and does not permit of any
other mode of ornamentation being applied along with it.

Now, we may frequently wish to combine plush figuring
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with some other upon gauze ground, or plush figuring with
gauze upon some other ground. Suppose, for example,
that our plush is to be surrounded with plain upon a

. gauze ground; then in the first instance we combine plain

with gauze in the usual manner, then, as plush is to be
formed, we cease the plain working and adopt that which
will give a proper ground for the plush, and proceed to

the insertion of the wires. This mode of working, in

4 addition to enabling us to make a heavier cloth than if

/ the plush is upon the gauze direct, will also make the

plush appear better by being more dense. Again, the
^- plain cloth may predominate, and figures be formed alter-

nately by plush and gauze, or we may further call the

use of extra material to our aid; so that we may be said

to have here all the different methods of ornamentation
at our command at once, to apply as we please. There
is, perhaps, nothing which produces such striking efiects

as the combination of plush and gauze, whether any
other order of weaving be combined with them or not

;

the contrast between the density of one, and the open
perforated character of the other, always giving a very

decided character to the whole design, and; at the same
time a very pleasing one.

To the designer there can scarcely be any more
pleasing duty than the designing of figured velvets ; he

' has so much scope for the display of artistic merit, and
also of complete technical knowledge of the structure of

fabrics.

124. The Production of Special Effects in Plushes.

—

In dealing with warp pile so far, we have confined

ourselves chiefly to velvet, or fabrics having a very short

pile ; but there are ifumerous other kinds of pile fabrics

in which the pile varies, though in principle of structure

they are practically the same. But although they are

the same in structure, yet great variety of effects is

produced by varying lengths of pile, by special prepara-

tion of the pile warp before being put in the loom

—

such as printing, curling, waving, &c.—similar to the
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operations we referred to in connection with weft pile;

and, again, special effects are often produced in the

process of finishing after the fabric leaves the loom,

such as tinting to produce the imitation of skins of

animals, and other effects.

125. Brussels Carpets,—Figuring with colour upon

pile fabrics involves a different arrangement of the

structure and also of the pile threads, unless the pattern

is printed. We might take as an illustration Brussels*,

carpets, in which well-defined patterns are formed by' a
"-

variety of colour, and see what is the principle of

structure, and how far it will apply to others. The pile

itself is formed exactly the same as in ordinary or terry

velvet—namely, by the insertion of wires under the pile

threads—but the process of selection of the threads is

different. In weaving ordinary velvet we bring either

the whole or half the pile warp to the surface over each

wire, but in Brussels carpet we may be said to have a

OflPfliKM'llMMSL
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Fig. 104.

series of duplicate ends, each of a different colour, and
from these we select one, according to the pattern we
require. Again, in ordinary velvet the pile warp inter-

veaves into the ground just the same as the ground warp,

except at the point where pile is formed ; but in Brussels

carpet it does not, but is contained as a straight thread

in the body of the cloth when not forming pile. Take
the section Fig. 104; the ground warp is represented by
the lines a, and the weft by the dots, the three colours of

warp by &, c, and d. Now the ground cloth is plain

in one sense. If the ground warp threads be separated

from the pile warp, and considered only in relation to
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the weft, they will form a plain cloth with two picks in

each shed, but taken as they stand, the ground picks are

separated by the pile warp. In fact, the pile warp is

held between the ground weft, and intersected by the
ground warp, so that if no pile or loops were to be formed,
we should have a plain cloth with a stout packing in the

middle, the packing threads being perfectly straight, and
taking no part in the formation of the cloth, except to

"ive bulk to it. Between every pair of ground warp
dn-eads there is one thread of each colour of pile warp
which is to be employed. Then, for the formation of the

pattern, one of each of these sets of pile threads is

raised between each pair of ground picks and passed over

a wire, it then returns to the cloth, and if required to

form the next loop is again raised, and so on, until its

own portion of the figure is completed, when it remains
in the cloth until again wanted to form figure. In the

same manner the pile threads are treated ; they are lifted

over the wire to form a loop whenever the arrangement
of the pattern calls for their presence on the surface, and
as soon as that portion of the pattern is completed they

return to.? the cloth, and continue to form the body.

From this it will be seen that although there may be
three, four, five, or six colours, and consequently as many
separate pile threads between each pair of ground threads,

only one of each set is brought to the surface at once, so

that there is always the same quantity of pile on the

surface, and the same substance in the body of the cloth,

no matter what the pattern may be, or how frequently

the pattern changes from one colour to another.

Then the advantages of this mode of structure are

that we have uniform surface and body of cloth ; and we
have pattern formed by colour only, and any amount of

variety in the pattern will not afiect the structure or

quality of the cloth. The pattern being formed by
differently coloured threads coming to the surface in suc-

cession, is very clear and well defined, and the whole of

the pile material being embedded in the body of the cloth
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makes the fabric both bulky and soft. One peculiar

advantage, from the useful point of \iew, which Brussels

carpets possess, is that each thread which comes to the

surface to form a loop, being only one of a number, is

well embedded with the rest in the body of the cloth, so

that when the foot is placed upon it, it is pressed into a

naturally elastic body of material, which serves as a cushion

for it, enabling it to give way under the pressure of the

foot, and also by its elasticity to spring back to thS
original position, thus reducing the wear and tear con-

'

siderably.

126. Tapestry Carpets.—Another class of carpets

which are made to imitate Brussels are known as

tapestries. The structure of the cloth presents some-'

what the appearance of Brussels, but instead of there

being a number of threads together of different colours

between each pair of ground threads there is only one,

and that is printed so as to form the pattern. In fact,

each pile thread is printed in colours according to the
pattern to be formed, proper regard being paid in the
process of printing to the length of warp which will be
required to form the loop, and also for bending round
the weft. Then they are put together in the warp in

their proper order, and, as we have said, woven after the
manner of Brussels carpet, but one printed thread
serving for a number of coloured ones. This is a most
economical method of producing figured carpets, but of

necessity does not produce so serviceable an article as

that which it imitates. There is no substance in
the body, except what is known as the backing, and as

this consists of stout linen, there is not the same^elasticity

as in the worsted body of Brussels carpet, and therefore
not the same tendency to reduce wear and tear.

The structure of the Wilton carpets is similar to that of

Brussels, but the pile is cut, or practically the difference

is the same as that between cut and terry velvet.

127. The Varieties and Properties of Plushes.—We
have now enumerated the principal kinds of plush or pile
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which are made. There are many modifications of these

in use, in the production of different kinds of fabric for

different purposes, but these are modifications of minor
details generally : the principle of structure is not affected

by them. There are numbers of patent plushes, all

claiming some advantage over others, but still, the
improvement is usually in some trifling alteration of

binding or distribution, or perhaps more frequently in the
method of production, but the general principles we have

. referred to cannot be far departed from without impairing
the structure of the cloth, or even if that is not actually

done, there can be little advantage gained. One very
economical method of making velvets, which has been
^attempted over and over again with varying degrees of

success, has been within recent years brought to something
like a state of perfection—namely, weaving two cloths

together, rand the pile passing from one to the other; they
are then severed in such a manner as to leave a proper
proportion of pile upon each cloth, thus dispensing with
the use of wires, and consequently reducing the cost of

production very materially. But even in this, the
principle of structure of each cloth remains practically

the same as if they were woven with wires ; it is only a
modification of the means by which the article is manu-
factured. With respect to the utility of pile fabrics,

little need be said more than we have already pointed

out. From the nature of the surface, as well as the

structure of the body of the cloth, they must necessarily

form very warm articles of clothing, the closeness of

texture and the intermixing of the loose fibres of the

pile all tending to assist in retaining warmth. They are

^ also soft and pleasant to the touch, and altogether pleasing

as articles of dress or furniture j one remarkable feature

to which we have already referred being the richness of

colour, and the variety of light and shade which they

present, more especially when arranged in folds, the undu-
lations placing the loose fibres in so many different

positions to reflect the light, and this variety of reflections
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giving richness and variety to the colour and lustre of

the whole fabric.

In their wearing properties plushes are also very

valuable, there being scarcely any fabric of the same
weight which will prove more durable, so that they

combine all the properties which go to make cloths

valuable—richness and beauty with utility.

^^tfku*

OHAPTEE IX.

GENERAL COMPARISON OF THE DIFFERENT CLASSES AND
STYLES OF FABRIC.

128. The Considerations involved in the Structure
of Tabrics.—We have dealt pretty fully with the

different principles of structure of fabrics and their

ornamentation ; and it will perhaps be desirable now to

examine a little more fully some of the considerations

involved in their structure, to make a comparison of the
different classes and styles of fabric, and also to deal

with some forms of ornamentation which we have not
touched upon, and the special method of their application.

We may first recapitulate generally some of the

points discussed in the earlier chapters, so that we may
take a more comprehensive view of the whole.

Dividiug, for the moment, all fabrics into two distinct

classes, without entering into their particular structure,

we may say that the one is intended for useful and the
other for ornamental purposes. Taking the purely useful,

we have the question of strength before us, the necessity

of the fabric being able to bear strain, or friction, or both

;

then we 4iave to regard it as an article of clothing, its

power of retaining the warmth of the body, or of resisting

climatic influences. In the first case one of two con-
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siderations 'comes in; either we must have a strong,

compact, well - formed thread, of which to form the

cloth, or the threads must be so interlocked with

each other as to make the whole fabric as it were

one solid mass. If the threads are of such a nature

that all the fibres of which they are composed are spun

intimately together, forming a smooth -surfaced, even

filament, then they will stand separate from each other

in the fabric, and its entire strength will consist of the

multiplication of so many units ; and if the cloth is to

bear a great strain, more especially if this strain is likely

to be localised, either each individual thread must bo

, very strong, or strength must be obtained by having a

great number in a small space. The strength of individual

threads may be obtained in two ways : either by having it

constructed of fibres of great strength, or by having the

fibres well twisted together. Combined with the strength

of the thread, the order of interweaving of the two sets

of threads of which the cloth is composed must be taken

into account, and, as we have shown of ordinary fabrics,

the plain cloth, or that in which the two sets of threads

interweave alternately, is the strongest for the quantity

of material which it contains (we are leaving gauze out

of the question, as being an ornamental fabric). If the

capacity of the fabric to bear strain is to be in one

direction rather than another, as in the warp or weft, then

that material must predominate, and we arrive at the class

of cloth showing a rib in one direction or the other. We
have here, then, the general considerations of strength

immediately before us, and although we have spoken only

of"' plain cloth, the remarks will apply equally to

twilled or other fabrics, in which we have resorted

to a difierent order of interweaving, either for the

purpose of obtaining greater weight or for ornamentation.

In cloths formed of the kind of thread we have

spoken of there will be openness of texture, and the

size of the openings between the threads will be in

the direct ratio to the diameters of the threads in a
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cloth where warp and weft are equal in quantity. Thus,

to obtain closeness we must increase the quantity of

either warp or weft. To do that is to increase the

weight. Now, if our cloth is to be a light one, and we
wish it to be still of a close texture, we may obtain it to

some extent by altering the structure of the thread.

Instead of having a smooth, even thread, we may have a
considerable amount of loose fibre on the surface ; these

loose fibres will help to cover the interstices, and in the

process of finishing, if the fibres of one thread be made
to interlock with those of other threads, the compactness

of the fabric will be increased. Eut this is not all j the

interlocking of fibres gives additional strength. ISTot

only do the warp threads support each other, but the

weft threads interlock with them, and the whole fabric

becomes more compact, not merely as far as closeness of

texture is concerned, but as regards tensile strength, and
also the power to resist friction. Thus we have here a
very intimate relation between the structure of the
thread and the strength of the fabric, as well as its

closeness of texture ; so that it is evident the character

of the thread is an item we cannot afibrd to ignore in

determining the structure of the cloth.

Apart from the question of material Or structure of

thread, we must now consider how these conditions can
be obtained in the structure of the cloth only. If we
resort to twilling—that structure which most nearly ap-

proaches to plain cloth—we obtain in the first place
greater closeness of texture than in an ordinary j)lain

fabric, because of the necessity for introducing a greater
number of threads, to compensate for the looser order
of interweaving. We obtain also greater strength for

the same reason, and also of course increased bulk.

Then, again, this increase may be in the weft, in the
warp, or both, according to the character of the twill we
employ. If we take satin cloths—one form of twilling

—

we obtain all we require in strength and closeness of

texture in one direction only—that is, by an increase of
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either warp or weft, in number of ends or in thickness,

more generally by the increase of ends. Our next alter-

native is a resort to double cloths, which gives us the

means of increasing weight, strength, or closeness of

texture to any degree. Then we have here, in the struc-

ture of the threads, and the structure of the fabric, in

simple form, all that we require to enable us to make the

cloth fulfil all the conditions of usefulness.

129. Ornamentation of Fabrics by the Use of

Colour.—Now with respect to ornamental fabrics. As
we have shown, we may ornament with colours, with
patterns formed upon the fabric, or in the structure of

the fabric itself. We will first turn our attention to the

question of ornamenting with colours, not with a view
to dealing with the theory of colour in general—^that has

been already done many times in works on decorative

ari;, including, of course, textile fabrics^ in a much more
complete manner than could possibly be attempted here

—but to consider it in its connection with structure

of the fabric, and see what will affect or interfere with
its use, and how far this interference may necessitate

the ornamentation assuming some particular form or

character.

It has been pointed out in a previous chapter that

the ornamentation of plain cloth must be by the use of

colour, or by the predominance of either warp or weft, so

as to produce cords running the length of the piece or

across it ; but this predominance of one of the materials

will also affect the use of colour. When weft and warp
are equal in plain cloth, we may introduce coloured

threads into either one or the other with a fair chance

of their being visible on the surface. Then we may form

either stripes or checks, just as we use coloured threads

in the weft or warp, or both ; and the variation in those

threads, in both colour and quantity, will give us great

scope for the display of ingenuity and taste. True, the

patterns always run in straight lines, yet they may be

made both pretty and effective by proper regard being
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paid to variety of line and colour. But it is only when
warp and weft are equal, or nearly equal, that we may
use colour in both warp and weft at will. We will sup-

pose, for example, that the warp is predominating very

largely, that the number of ends per inch greatly exceeds

the number of picks ; then the weft will be completely

hid, and whatever colour it might be -it would not be

seen on the surface of the cloth ; so that in such a case

we are precluded from using variety of colours of weft,

and consequently, the cloth being plain in structure, we
can only apply colour to form stripes running in the

direction of the warp, seeing that the only coloured ends

which can be visible must be in the warp. On the other

hand, if we are making a corded cloth, with the cord

formed in the warp, then the weft would predominate
largely in quantity, though not necessarily in the thick-

ness of the threads ; but the closeness of the weft picks

would completely cover the warp, so that whatever might
be the colour of the warp, it would not be seen, at least

not sufficiently to permit of a pattern of coloured ends

being formed by it. So that whether the warp or weft

predominate, we can only use colour in that portion of

the fabric. Precisely the same rule will apply to twilled

or satin cloths, and perhaps even in a more marked degree

than in the majority of plain cloths. In either twill or

satin cloths, where the warp or weft is brought much
to the surface, it also predominates largely in actual

quantity also ; so that the other material is thrown abso-

lutely to the back of the fabric, and is not seen at all on
the face. Thus we can ornament only in the direction

of the threads which are on the face, and we are there-

fore necessarily confined to stripes.

Although we cannot form anything but stripes by the

use of colour in fabrics where either warp or weft pre-

dominates on the face, and when we confine ourselves to

the material which forms the ground or body of the cloth,

yet we are not precluded from the use of extra weft or

warp to form checks. But of course the cloth will cease
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to be purely plain, twill, or satin, as the case may be. We
will take as an extreme instance a cloth, say such as a

repp, in which the warp predominates very largely, and
introcljLice coloured threads in the warp; these colours

will stand out very prominently, b3cause the modification

usually produced by interweaving with the weft is not pre-

sent here, the weft being so completely hid. Then if we
wish to form a check upon this, our coloured weft must not

interwe'kve with the warp in the usual manner, or it will be

lost, but it must be thrown to the surface of the cloth,

and interweave with the warp threads only at intervals.

In fact, it must form either a twill or satin with the weft

predominating, and by this means and this only we may
form our checks as distinctly as we please. If it is a

cloth in which the weft forms the surface, then the

coloured extra threads must be in the warp.

In forming figures upon such cloths as we are speaking

of, the use of colour is most effective. Suppose the warp
is a light colour and the weft a dark one, and that a

figure is formed by bringing the weft to the surface, the

warp preponderating on the surface all over the ground j

in the ground the colour of the warp only Tvill be seen,

the weft being hid, and in the figure the weft only will be

seen, so that the pattern will stand out very prominently.

If the colours be properly suited to each other, so as to

form an harmonious contrast, the effect will be most
striking.

Then in using colour for the ornamentation of fabrics

when the coloured threads form part of the groundwork
of the cloth, it is evident we must take into account

the structure of the fabric, and only use the colour in

such manner as will be effective. When we are using

extra colour or coloured threads for the sole purpose

of ornamentation the conditions are quite different

—

whether we use them in the weft, in the warp, or in both

—from those which exist when the coloured threads form

the ground fabric; when they are extra threads we may
treat them as we please, bring them.- to the surface in long

^ ^
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or short periods, or bind them into the cloth, so as to

intermix the colour with the colour of the ground threads,

and so modify their effect. In short, we employ them for

decorative purposes only, and need to use proper discretion

in their disposal, so as to produce the effect desired,

with little or no regard to the structure of the ground

fabric, except such as has been previously pointed out,

130. The Use of Threads of mixed Colours.—In
speaking of coloured threads we generally mean^threads
which are one colour throughout, but we are not

necessarily confined to coloured threads of this descrip-

tion in ornamenting fabrics. We may twist two
differently coloured threads together, and so produce a

parti-coloured one, known in the trade as " gTanderelle ;"

or we mix fibres of different colours together, in the

preparation of the material for spinning, and so produce

"mixture" yarn; or we may have the fibres of which

the thread is to be composed printed in one of the inter-

mediate stages of preparation, and so produce the

"melange" yarn; or we may have the threads printed.

From such fancy yarns as these we may obtain very

pretty effects upon fabrics which may be perfectly plain

in their structure; or if a pattern is formed in the fabric,

it may be of the simjDlest kind. The whole effect may
be a mixture, or melange. We may introduce the

twisted, coloured, or printed threads into otherwise solid

coloured fabrics, or coloured threads into mixture fabrics.

These extra threads, as we may term them, may either

form part of the ground cloth or interweave simply as

ornamenting threads, according to "the kind of effect to

be produced, whether it is to be of a mild, tame character

or a striking one. In fact, we have a wide field thrown
open for the exercise of ingenuity in the use of these

fancy threads. The use of " mixture " or " melange "

threads generally is for the production of a tertiary

coloured effect upon the fabric with very small patches

of strong local colour; and if several striking colours

are introduced into the mixture it does this in the most
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effective manner. The intimate mixture of the fibres in

the yarn will, when woven into the cloth, insure to the

utmost the tertiary effect being procured, while on
moderately close observation the local colours will assert

themselves, and even at a distance will give a bright,

sharp freshness to the whole.

In cloths where no specially striking effect is intended,

the best means of ornamentation and of producing

prettiest'^Bffects is by the use of " mixture " threads.

131. Fancy Yarns in Fabrics.—In addition to fancy

yarns composed of differently coloured fibres, or by
the twisting of differently coloured threads, many
very good effects are obtained by twisting two threads

together of tlie same or different colours, at different

degrees of tension, so that one wraps loosely round
the other—say, for instance, a thick thread twisting

more or less loosely round a fine one—and presents

to the eye a kind of crimped effect ; this, when woven
into the fabric, if judiciously used will be very

pretty. Again, loops may be formed upon the thread by
one thread running in loosely during the process of

twisting while the other is held tight, or one thread may
be given off at a regular rate of speed, while the other is

varied in speed, so producing not only different thick-

nesses of thread, but, if the two threads are of different

colours, different coloured effects. All these give us

powers of ornamentation merely by their introduction

into an ordinary fabric. We now come to the question

of the ornamentation of fabrics in their structure,

and we will consider it first apart from the question

of utility.

132. Ornamentation of Fabrics in their Structure.

—In plain cloths we can form patterns in one way only

—namely, by the formation of ribs, which may run either

lengthwise or crosswise in the piece ; these ribs we may
vary in size, or place at varying distances, but we
have no further power of ornamentation. In ordinary

twill cloths we have similar ribs running diagonally

I
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across the fabric, which we may vary in size and distance

apart, but unquestionably we obtain the best effects when
we either combine these diagonal ribs with small figures,

or simply run small figures in a diagonal direction.

There is no field so wide for obtaining different patterns

in the structure of the cloth as in the combination of

diagonal lines and figures. The variety of lines, heavy
and light, and the combination of forms give us a power
of ornamentation which is not to be exceeded by any
other method where we do not call in the aid of colour.

There is no branch of the subject which should be more
carefully studied by the textile designer, especially where
his province is as much the designing of fabrics as of

patterns.

Next we come to the formation of figures by the

ground weft, warp, or both—that is, by the material

which forms the ground fabric ceasing to interweave, and
so forming pattern by the weft, or warp, or both, lying

loosely on the surface. By this mode of figuring we
can produce any variety of form in the figures, and,

by proper regard to the order of binding or inter-

, weaving, ornament the fabric to any extent, the only

limitation being a due regard for the structure of the

fabric. Then we have figuring with extra material,

which again gives us the power of introducing additional

colours, as well as the formation of distinct patterns on
the surface ; so that our power of forming patterns is

extended beyond that when the figures are formed by the

ground material alone, and if we combine the two
methods we have a still further extended power. In fact,

the extent and elaborateness of our designs are without
limit, and may fairly be likened to the use of colour

and brush. Figuring with double cloths may perhaps best

be compared with the use of extra material, as we have
not only a figure of one colour upon a ground of a totally

different colour, each formed by different materials, but
any amount of figuring may be introduced without
affecting the structure of the cloth, and moreover, the
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fabric is*reversible and may be used on either side. The
advantage of figuring with double cloth, apart from the
question of utility, is that the figure is perfectly solid

in colour, vipon a ground equally solid.

, Gauze, net, and lace are forms of ornamentation
quite different from all other classes of fabric, and for

lightness and elegance of fabric, as well as for the
variety 'which may be introduced into the design, far

exceed ajl others. Gauze is perhaps the most simple,

and in the forms in which it is now generally made
is probably the easiest of production ; at any rate, it

possesses one advantage over both the others—it can be
combined with ordinary woven fabric, either for the

purpose of varying the design, or for ornamenting a
cloth of closer or heavier texture. The other two will

give a greater degree of openness and lightness.

Plush ornamentation is peculiar to itself; it may be
made to form simple figures, or the pattern may be in

the plush itself. In what are commonly known as velvets

—

that is, where the pile is very short—^the ornamentation is

usually confined to the use of colour, in stripe or check
form, or the formation of figures by the pile ; but in

what are commonly termed plushes, where the pile is

longer, the ornamentation more generally takes the form
of making the pattern in the plush itself, either by
waving, crimping, or varying the length of the pile, or

some such expedient. We have used the terms velvet

and plush here in the popular sense, not with the in-

tention of making a distinction between the two, for

they may be taken as being practically synonymous, so

far as the manufacture of such articles is concerned.

133. Ornamentation by different Tension of the

Threads, etc.—In addition to the methods of ornamenta-

tion we have referred to, there are many others which
can scarcely be called regular, but are the result of some
freak or fancy on the part of the designer or manufac-

turer—such, for instance, as the introduction of slack or

tight ends in the warp, either singly or in numbers.
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Suppose we allow a single end at intervals to run into

the cloth much slacker than the rest of the warp ; it will

crimp all along as the cloth is formed, and if it be a

different colour from the body of the cloth, it will assert

itself very strongly and produce quite a novel effect.

Again, if a number of these threads have different

degrees of tension, and of different colours, the effect

will be still more novel. Another use of tight and slack

ends is to form crimped stripes. Suppose one portion of

the cloth is woven quite plain, and the rest twilled,

or satin, the two running side by side in stripe form :

—

the twill or satin, if not very much more closely set in

the reed, will permit much more weft being inserted than

the plain ; then if the warp threads come off separate

beams, one for the satin and the other for the plain, and
the latter is allowed to go in quite slack, the weft as it is

beaten in will carry the plain cloth forward, while the

satin portion is quite straight, and so cause regular

crimps or waves in the plain portion. These crimps may
be increased or decreased, made more or less prominent

by varying the setting of the warp threads in the plain

or satin portions, or by varying the tension at which the

warp threads are held.

134. Utility combined with Ornament.—We may
now consider the question of utility combined with

ornamentation, or, in other words, in all the various

forms of ornamentation with which we have j^ealt,

examine into their effects upon the fabric, and see how
far they will affect its utility. Beginning again with plain

cloth, as we have shown, when warp and weft are

equal, there is no ornamentation except by the use of

colour ] but we have a strong useful fabri-c, not heavy,

excejot so far as the thickness of the threads of' which it

is composed makes it heavy, and not of a close or com-
pact texture, owing to the order of interweaving of its

threads, but yet strong and useful for the quantity of mate-

rial which it contains. If we ornament it in its struc-

ture, it must be by the alteration of the relative quantities
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and thickness of the warp and weft ; and in doing so

Ave increase closeness of texture, generally also bulk and
weight of fabric. By increased closeness we obtain

necessarily increased strength ; for although each unit of

strength, as represented by any single thread, may be
less than in an ordinary plain cloth, the combination of

these units will give greater strength to the whole. So
that by ornamentation we increase usefulness both in

wearing properties and in the power of retaining warmth
as an article of clothing.

When we ornament by tvn.lling, we again obtain

practically the same results—namely, increased weight,

strength, and closeness of texture. The order of inter-

weaving of necessity produces these results, but in

different degrees, by the different kinds of twilling ; so

that it becomes necessary for the designer in making his

pattern to consider thoroughly its effect upon the fabric,

and the kind of fabric he desires to produce ; and the

relative quantities of warp and weft must be carefully-

proportioned to the design of the twill.

When we come to figuring with the material which
forms the ground fabric—that is, when the fabric is of a

given structure, and a figure formed by the weft and
warp ceasing to interweave, and one coming to the surface

as loose material—whatever may be the structure of the

ground cloth, the formation of the figure must in some
degree detract from it. If the ground is plain, we shall

have a firm texture, though perhaps somewhat open

;

but when figure is formed, we have positively no texture,

simjDly so much loose material ; in that case the useful-

ness of the fabric fs decreased, and just in the jatio of

the amount of ^gures introduced. If the figures be

small an#^closely set together, the texture of the cloth as

a whole will be looser ; if they be large, then it will give

extreme looseness in the figured portion, and will not

much affect the ground, which will be in proportionately

large patches ; but the cloth will be very irregular in

texture, and this of itself is a serious drawback. Then,
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for useful purposes, tlie small figures^ equally distributed,

are preferable ; for if tbe texture be very much loosened,

we may to some extent compensate for it by the intro-

duction of more material, either in warp or weft, or

both, and treating it somewhat as we should treat a

twilled cloth. Whatever applies to figures upon plain

cloth also applies equally to figures upon any other

ground, when the figure is formed by loose material.

If our figures are formed upon the principle of

diapers or damasks—that is, by the warp and weft

merely changing places, and still preserving the same
order of interweaving—then our figures may be as large

or as frequent as we please, without in any degree im-

pairing the utility of the fabric. *

When we introduce extra materials for the formation
of figures, we in no degree afiect the ground cloth, either

for better or worse j it is merely applying so much
colour to the surface, adding certainly to the bulk of the

fibric at that point, but not necessarily increasing its

usefulness, the extra material being in most cases simply
laid loosely on the surface, so that it possesses no special

wearing qualities, and will not add materially to the
powers of the cloth for keeping warm. Of course we
are speaking of the formation of spot figures by extra

material. If the extra weft or warp be distributed over
the whole area of the fabric, then it becomes a different

thing; especially if it be bound into the cloth at the
back, for it will then form a kind of double cloth,

and often really two distinct fabrics. Of- course

in such cases we add to the fabric in every way • we in-

crease bulk, strength, and closeness of ' texture, and
have a better wearing and a warmer article, as well as

one more ornamented. ^Double cloths should ilways be
treated under two distinct heads—first, when one of the
cloths forms merely a lining; and second, where the
two cloths exchange places to form patterns. The former
may include all cloths where either two warps and two
wefts, or where one warp and two wefts are used, if
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one surface be different to the other in texture and in

pattern, and where one is intended for the wearing
surface and the other merely as a lining. The second

should include all cloths which are reversible—that is,

which are wearable on either side, or in which either side

may be made the face—whether there are two distinct

cloths, or merely two faces formed either by two wefts

and one warp, or two warps and one weft. In the first

class will be included all fabrics which have a fancy face

and a plain back, and which for wearing purposes are

extremely useful. The texture of the face is usually

fine, and ornamented according to the purpose to which
it is to be applied, possessing generally all the qualities

of useful fabrics. The back is of a more or less plain

character according to the weight to be obtained, or

it may be governed by the pattern and texture of the

face, so that they may bear a proper relation to each

other, its chief purpose being to give weight, strength,

and warmth. In producing heavy cloths, as those re-

quired for overcoats, this principle is absolutely neces-

sary, because the proper weight and texture of cloth

could not be obtained in a single cloth. If we obtained

weight it would be at the cost of fineness, and fineness

would be obtained at the cost of weight ; but by the

combination of two cloths, or two surfaces, we can comply
with both requirements at once.

When the cloth is reversible, both fabrics or both

sides of the same fabric are equal in quality and texture,

though perhaps different in colour. Each surface may
remain the same throughout, or they may exchange

places. Their exchanging peaces is merelyrj/or the

purpose^ of forming patterns ;^t will not affect the

structure' or utility of the fabric as a whole. If the

fabric consist of two separate cloths these will exchange

places bodily, each preserving its own individuality

;

they continue to weave weft with warp in each cloth as

though no exchange had taken place. If it consist

simply of twp wefts and one warp, or two warps and
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one -weft, the wefts or the warps only exchange places

;

but on whichever side of the fabric they are weaving,

they still preserve the same order of interweaving weft

with warp. In fact, it may be said to be a double diaj)er,

or damask, inasmuch as weft and warp always bear the

same relations to each other in their orders of inter-

weaving, whichever may be uppermost, so that whether
figured or plain, the utility of the fabric is not impaired

in the slightest degree. With respect to gauze fabrics

we need not say much as to their utility ; they are

essentially fancy or ornamental cloths. Strength they

may possess, but for warmth and general wear they are

not specially suited, so that we need only regard them,

except under exceptional circumstances, from a decora-

tive point of view, and if we should have to consider

them for purposes of utility, it will be in combination
with other orders of working, and the conditions which
apply to other fabrics will also apply to them.

Plushes are essentially useful fabrics, as wall as

heavy ones, and in ornamenting them we very rarely

impair their utility, except in the slightest possible degree.

The body of the cloth must at all times be a very strong,

compact structure, so as to hold the pile with sufficient

firmness ; and whatever ornamentation is introduced

either with or in addition to the pile, or whatever is

done with the pile, will not much impair the structure of

the body. The wearing surface may be more or less

affected, but that is not generally a serious matter, but
the body of the cloth will never be much affected. This
is equally true of both weft and warp pile.

Wh^ we ornament with coloured threads we do not
affect tiie utility ; the .-^structure is not altered. We
determine the -structure" of the cloth to suit ^ for the
purpose to which it is to be applied, and then vary the
colours of the threads o^ which it is composed, so that

we first say what the cloth shall be, and then how it

shall be ornamented with colour ; and although we may
have to consider th^ structure in applying the colour
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yet the colour cannot affect tlie structure nor its utility

as a fabric. If we ornament by varying the degrees

of tension of the threads, then we do impair the struc-

ture, for any strain thrown upon the cloth will be thrown
upon- the threads which are tight, and as they are only a
portion of the whole, they cannot be expected to bear as

much strain without fracture as if the strain were equally

distributed over the whole fabric. Consequently fabrics

of this kind must be made for purely ornamental pur-

poses, and never considered as articles of utility, unless

the slack threads are very few indeed.

135. The Special Knowledge required in the Manu-
facture of Fabrics.—We may now understand the

special knowledge required in the manufacture of textile

fabrics, and upon what it is dependent. We have first

to consider the nature of fabrics, and the uses to which
they are to be applied. Having determined what we
require, the character of the fibre from whicjji the fabric

is to be made, and the structure of the thread, we must
next enter fully into the question of the structure of the

cloth, considering it first from the useful point of view,

then from^he ornamental, or from a combination of the

two. In any case thorough mastery of the different

structures, of the various modes of ornamenting in the

structure, and also of the effect of ornament upon
structure; so as to know the extent to which utility will

be impaired ©r increased by the particular method of

ornamenting, is absolutely necessary. Given all this,

along with knowledge of the mechanical operations of

we^fdiig and alsp of decorative art, and the designer

possesses all the materials for the successful following of

his vocation ; he will only further require those qualities

which ad^ essential in every wa^ in life—energy, perse-

verance, and a right application of his industry and

knowledge. ^
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Angle of Twill.—The angle which a twill forms with the weft or

warp.

Backed Clotlis.—Cloths having a back woven upon tSem which

serves as a lining.

Beams. —Eollers upon which the warp threads are wound side by

side before being put in the loom. There are also cloth beams upon

which the cloth is wound as it is formed.

Binding in Clotlis.—The securing together in the process of

weaving two separate cloths, or extra material used for figuring or

other pTirposes o#an ordinary single cloth.

BobMn-Net.—An open perforated fabric formed by a series of

threads crossing and partially twisting round each other.

Checks.—Patterns which are usually formed by coloured threads

crossing each other at right angles.

Chenille.—A thread having loose fibres projecting from it.

Choking the Shed.—When the warp threads are so numerous, or

of so rough character that they will not pass through between each

other, and separate readily into two portions between which the

shuttle may pass.
**

Cockling.
—
"When the cloth, instead of presenting a smooth, even

surface, is u'regular, some portions standing up in bubbles.

Cords.—Cloths with ribs which rim longitudlfeally, or in the direc-

tion of the length of the fabric.

Cordvaroys.—Cords formed with cut pil-e.

Crammed Stripes.—Str^^ fabrics in which one porl^^ contains

more warp threads ia a given space than another portion.

Cutting Plush.—Severing the threads which are to form the
" pile " or surface of the fabric'..

Damask.—A cloth said to be named from the city of Damascus,

formerly made of sUk, but now of worsted or linen chiefly.

Q
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G
Density of Pile.—The closeness with which the threads of velvet

or plush are set together.

Diagonals.—Patterns arranged to run in a diagonal direction

across the fabric.

Diaper.—^A cloth similar to damask, but with the pattern of a

^chequered" character.

Double Cloths.—Two separate fabrics woven and fastened together

in the process of weaving.

Doups.—^A special arrangement of healds used for gauze weaving,

and so arranged that they may cause the warp threads to cross each

other.

Elongated Twills.—TwUls which do not run across the fabric at

an angle of forty-five degrees.

Extra Warp or Weft Figures.—Fig-ures formed upon a fabric by

material which takes no part in the formation of the body of the

cloth.

Figured Cloths.—Fabrics having a pattern formed upon them by

the order of iaterweaving of the weft and warp of which they are com-

posed.

Figured Twills.—Figures running diagonally across the fabric.

Floats.—Where the weft and warp of which a fabric is composed

do not interweave with each other. Sometimes patterns are formed

by " floats " only, and sometimes "floats " are formed accidentally in

the process of weaving, and produce imperfection.

Flushing is sometimes used in the sense of "floats."

Fraying.—One set of threads slipping upon the other, and so pro-

ducing imperfections ia the fabric.

Gauze.-^A light perforated fabric in which the warp threads are

made to twist more or less round each other.

Healds.—An arrangement for effecting the separation of the warp

threads, so that the shuttle carrying the weft can be passed between

them. The hexld consists of a series of cords having an eye in the

centre, and attached at each extremity to a flat piece of wood, called

the "heald shaft," the warp thread beuig passed through the eye of

the heald.^Whenever the heald shaft is-raised or depressed the warp

threads are also raised or depressed, and so the warp is separated into

two portions for the shuttle to pass between.

Jacquard Machine.—An apparatus for separating the warp threads

in a similar manner to healds but on a more extended scale, and con-

sequently facilitating the production of elaborate patterns.
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Lace.—An open perforated fabric produced by the threads of which

it is composed being twisted together in such a manner as to form

patterns.

Lappet Figuring'.—^Figures or patterns produced on a fabric by a

warp thread being made to cross and recross on its surface by means

of a "lappet frame." ^.

Madras Muslin, or sometimes called Indian Muslin.—A light

fabric figured by the insertion of thick weft threads, which are cut

away where there is to be no figure. ;.

Net.—A fabric formed in a manner somewhat similar to lace, but

having its perforation equal.

Pile.—The threads which issue from and form the surface of fabrics

such as velvets.

Plain Clotli.—A fabric in which the warp and weft threads are

placed at right angles to each other, and which interweave alternately.

Plush.—A fabric the surface of which is covered by short threads

which issue from the body of the cloth.

Repps.—Fabrics ribbed across the piece.

Sham Plush.—An imitation of a plush fabric produced by using

Chenille weft. Sometimes sham plushes are made by "raising "—that

is, dragging—the fibres partly out of a cloth of ordinary loosely con-

structed fabrics.

Shed.—When the warp threads are separated for the shuttle to

pass through.

Shuttle.—A small apparatus for carrying the weft, and which is

passed to and fro through the warp. ^

Swivel Shuttles.—An arrangement of small shuttlesJ^r forming

figures on a fabric, somewhat after the manner of embroicfefy.

Tabby.—A name commonly applied to plain cloth.

Twill.—A pattern running diagonally across the fabric.

Velvet.—A short or closely shoBQ plush.

Warp.—The threads which run lengthwise iirib fabric.

Weft.—The threads which run crosswise in a fabric.

Yarn.—The threads of which a fabric is composed.
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INDEX.

A DVANTAGES of structure of
-^ woollen tlireads, 24

Advantages of structure of worsted
tlireads, 27

Allotment of area to figures, 160
Alteration of twills to increase

bulk of cloth, 12
Alteration of twills to increase

strength of cloth, 13

Angle of twill. Effect of, 41

Arrangement of designs upon paper,

33

BACKED cloths, 74
Binding cloths, 76

— double cloths, 90, 97

, relations of pattern, to
facilitate, 90

Binding extra warp figures, 143
— Patterns formed by, 79, 100
— weft pile and structure of cloth,

195
— velveteens, 200
Bobbin net, 191

Bulk of clofh, to increase by altera-

tion of twill, 12

Brussels carpet, 221

pAEPETS, Brussels, 221
yy — Scotch or Kidderminster,
106
— Tapestiy^23
Checks, Flared, 128
— figui-es, and stripes from combi-
nation of twills, 50

Chenille, 208
Classification of pile or plush fabrics,

194
Cloths, Double, 15
— Double-faced, 16
-* — Value of knowledge of, 73

Cloths, Backed, 75— increase of bulh by alteration of
twiU, 12

strength by alteration of

twill, 13
— Eeversible, 80

Figured, 81
— with two wefts and one warp, 74

warps and one weft, 85
— Two separate, 87

Relations of, to each other, SB
Binding, 90
of same quality but different

pattern, 91
of same pattern but different

quality, 94
where both quality and pat-

tern are different, 96
— Three and four-ply, 104
Cloth and thread. Relation between,

20
Colours, Figuring with several, 150
Colour, Ornamenting fabrics with,
228
— Threads of mixed, 231

Combined patterns. Relation of, to
cloth, 58

— — when complete, 60
Combinations of twills, Patterns
produced by, 45'

How to calculate, 46
in stripe form, 50

check form, 53
— Method of joining patterns in, 54
— of re-arranged or irregular twiUs,

62
different patterns in strijies,

69
of twills occupying different

numbers of en(^^7— of damask and^repp, 136
— of extra weft and groimd Hgures,

147
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Combination of extra warp and
weft, 155

gauze with other orders of

weaving, 167
figures with extra warp

figures, 183
plush, 185

Considerations in structure of

fabrics, 225
Corded or ribbed fabrics, 6

Cords, Diagonal, 208
Corduroys, 207
Cotton, 22— Preparing and spinning, 27
Cutting plush, Effects of, 203
Crossings, Figuring in gauze by
various, 165

B'^AMASKS, 133
and repp combined, 136

Density of pile, 206
Designs, Arrangement of, upon
paper, 33
— Floral, 121
Designing fabrics, Object to be
kept in view in, 1

Diagonals, Figured, 126— cords, 208
Diaper, 131
Different patterns combined in

stripes, 69— tension of threads. Ornamenta-
tion by, 234

Distribution of figures, 116
gauze figures on plain ground,

174
pile, 202

Double cloths, 15, 73— faced cloths, 16
— cloths. Value of knowledge of, 73

Binding, 90
Relation of quality and pat-

tern in, 92
Doups, Use of, 179

Tj^FFECTS of cutting plush, 203
-^ — Special, produced by yam,

206— of yam upon fabric, 4
twist of yarn, 5
relations of warp and weft

upon fabric, 6
angle of twill, 41
comb'nation of different twills

in stripe form, 50
Effect upon %fefic of patterns in
comMnation,'^

Elong^ed twills, 64

Extra warp. Figuring with, 138
stripes, 138
figures, Binding, 143

— weft figures, 145
— and ground figures combined, 147

"— warp and weft combined, 155
— weft figuring upon gauze, 185

pABEICS, Object to be kept in
-^ view in designing, 1
— Theory of structure of, 2
— Effect of yarn upon, 4

of relations of warp and weft
upon,

6

— Corded or ribbed, 6— Twilled, 101— Plush or pile, 19
— Ornamentation of, in their struc-

ture, 29, 232
— Eelation of combined patterns to,

58— General comparison of, 225
— Considerations in structure of,

225
— Ornamenting, with colour, 228
— fancy, Yarns in, 232
Face to back cloth,'Eelations of, in
both quaUty and pattern, 100

Fibres, Preparing and spinning
into yam, 22

Figured twills, 35, 66
when complete, 69

— cloths, 112
— reversible cloth =, 81— stripes, 122
— checks, 128
— diagonals, 126
— plushes, 209

upon gauze, 219
— velvet, 216, 218
Figures, stripes, and checks from
combination of twills, 50— Distribution of, 116i— and ground. Relations of, 119— Allotment of area to, 160— Binding extra warp, 143

— Extra weft, 145
— Swivel, 146
— extra and ground. Combined, 147— formed by gaiize and plain cloth,
172

— Gauze upon twilleS^round, 181
combined with extra warp

figures, 183
— Lappet and whip-net, upon gauze,

187
Figuring with two cloths, 91

ground material, 114
extra warp, 138 "

^

/'

4
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Figuring with several colovirs, 150
plain gauze, 164

— by various crossings in gauze, 165
— witli extra weft upon gauze, 185
Flax, 22
— Preparing and spinning, into

yarn, 27
Floral designs, 121

n.AUZE combined with plush, 185
^^ — Figuring upon, with extra
weft, 185 •

— Lappet and whip-net figures upon,
187— Materials from which to make, 188— Plush figures upon, 219— cloths, 18, 162
— Structure of, 162— Plain, 163

Figuring with, 164
Gauze, Figuring hy various cross-

ings, 165
— Combination of, withother orders

of weaving, 167— Striped, l71
— and plain cloth, forming figures,

172
— Figures, Distribution of upon

plain ground, 174
— grouild, Plain figures upon, 175— Weft or warp figures upon, 175— figures upon twill ground, 181

combined with extra warp
figures, 183 ,.

General comparSon of fabrics, 225
Grooves in cloth. 111
Ground material. Figuring with, 114— and figta'e, Eelations of, 119

HEALDS, Patterns which may or
may not be worked with a

small number of, 51, 53, 58

TNCEEASING bulk of cloth by
-*- alteration of twill, 12
— strength of cloth by alteration of

twiU, 13
Imitating skjns of animals, 204
Inequality of woollen threads, 24
Irregular or re-arranged twills com-
bined, 62

JOINING patterns in combioation,
Method of, 54

TT^IDDEEMINSTER, or Scotch,
J-^ carpets, 106
Knowledge of double cloths, Value

of, 73

T ACE, 192^ Lappet weaving, 158— and whip-net figures upon gauze,
187

MADEAS muslin, 190
Matelasses, 109

Materials from which to make
gauze, 188

Method of joining patterns in com-
bination, 54

^ET, whip, and bobbin, 191

/REJECT to be kept in view in
^^ designing fabrics, 1
Ordinary satins, 13
Ornament combined with utility,

239
— Eelation of, to structure, 29
Ornamental use of satins, 15
Ornamentation of fabrics in their
structure, 29, 232
— and use of double cloths. 111
Ornamenting by different tensions

of threads, 236— fabrics with colour, 228
figures, 233

— pile fabrics, 214

pAISLEY shawls, 153
-*- Paper, Arrangement of de-

signs upon, 33
Patterns having a twiUed basis, 34
— produced by combination of

twills, 45
— Method of joining, in combina-

tion, 54— in combination. Effects of uj)on
the fabric, 55— combined, Eelation of to cloth, 58
— formed by binding, 79, 100
— of double cloth, Eelations of to

facilitate binding, 90
— and quality, Eelation of in double

cloth, 92 «
Patterns which may or may not be
worked with a small number of
healds, 51, 53, 58
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Pile or plush fabrics, 149
Classification of, 194

— weft, 194
— Distribution of, 202
— Effects of cutting, 203
— Density of, 206
— warp, 210
— without wires, 214
— fabrics. Ornamenting, 214
Plain cloth, 4— gauze, 163

Figuring with, 164
— cloth and gauze, Figures formed

by, 172— figures upon gauze ground, 175
— ground. Distribution of gauze

figures on, 174
Plush or pile fabrics, 19
— combined with gauze, 185
— figured, 209— sham, 210
— figures upon gauze, 219
— Special effects in, 220
Preparing and spianing the fibres

into yarn, 22
cotton, 27
flax, 27— silk yams, 28

Production of patterns by re-

arrangement, 42
Properties of wool, 20
— and varieties of plushes, 223

QUALITY and pattern, Relations
of in double cloth, 92

Qiults, 106

"OELATIONS of warp and weft,^ and effect upon fabric, 6
Eolation between thread and cloth,

20
— of ornament to structure, 29

combined pattern to fabric, 58
two separate cloths to each

other, 88
patterns of double cloth to

facihtate binding, 90
quality and pattern in double

cloth, 92
face to back cloth in both

quality and pattern, 100
figure and ground, 119

Ee-arranged or irregular twilla
combined, 62

Ee - arrangement, Prc^uction of
patterns by, 42

Eeversible cloths, 80
figxued, 81

Eepps, 8— and damask, combined, 136
Eibbed or corded fabrics, 6

«JATINS, ordinary, 13
•^ — used for ornamental pur-
poses, 15

— order. Twills arranged in, 36
Scotch or Kidderminster carpets,
106

Separate cloths. Two, 87
Eolations of to each othea*,

88
Several colours, Figuring with, 150
Sham plush, 210
Shawl, Paisley, 153
Silk, 22
— yams, preparing, 28
Simple Twills, 30
Skins of animals. Imitating, 204
Special effects produced by yarns,

206
in plushes, 220

— knowledge required in the manu-
facture of fabrics, 240

Spinning, Preparing andj the fibres
into yarn, 22
— cotton, 27

flax, 27
Striped gauzes, 171 H
Stripes, Figured, 122
— which dilEer from ground, 123— Extra warp, 140
— checks, and figTjpes, from com-
bination of twills^O

— Combination of different patterns
in, 69

Structure of gauze, 162
cloth and binding weft pile, 195
velvet, 211
fabrics. Considerations in, 225

Theory of, 2
threads, 20
wooUeh threads. Advantages

of, 24
worsted threads. Advantages

of, 27
— Ornamentaticn of fabrics in their,

29
— Eelation of ornament to, 29
Strength of cloth increased by alter-
ation of twill,d-3

Swivel figures, 146

rpAPESTET carpets, 223
-*- Tension of threads. Ornamenta-
tion by different, 234

Theory of structure of fabrics, 2
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Threads of mixed colours. Use of,

231
Threads, structure of, 20
— and cloth, Belations between, 20
Three and four ply cloths, 104
Twilled Fabrics, 10
— basis, Patterns having a, 34-

Twilled ground, Gauze figures upon.
isi

Twilling, 30
Twills, Alteration of to increase bulk

of cloth, 12
— Alteration of, to increase strength

of cloth, 13
Twills, Simple, 30
— Figured, 35, 66
— ai-ranged in satin order, 36
— Effect of angle of, 41
— How to calculate combinations of,

46— Patterns produced by combina-
tion of, 45

— Occupying different numbers of

ends. Combination of, 57
— in-egular or re-arranged. Com-

bined, 62
— Elongated, 64
— Figured, when complete, 69

Twist of yam, Effect of, 5
Two wefts and one warp, Cloths
with, 74
— warps and one weft. Cloths with,

85
— separate cloths, 87

Eelations of, to each other,

88
Tucks, Woven in, 110

USE of doups, 179
— and ornamentation of double

cloth. 111 «— of satins for ornamental purposesj
15 ^

Utility combined with ornament,'
236

T7ALUE of knowledge of double
* cloth, 73
Various crossings in gauze. Figur-
ing by, 165

Varieties and properties of plushes,
223

Velvet, Structure of, 211
— Figured, 216, 218
Velveteen, 196
— Binding, 200

WARP and weft, Meaning of, 3
Relations of, and effect

upon fabric, 6
— extra, Figuring with, 138

stripes, 140
— figures, Biadiag extra, 143

Extra, 145
— pile, 210
Weft pile, 194

binding and structure of cloth,
195

— or wai-p figures upon gauze, 175
When combined patterns are com-

plete, 60
Whip-net, 191
Wool, Properties of, 20
Woollen yarn, 22

Irregularities of, 24
Advantages of structure of, 24

Worsted yarn, 25
Worsted yarn. Advantages of struc-
ture of, 27

Woven tucks, 110

yARN, Effect of, upon the fabric, 4
J^ twist of, 5
— Fancy, in fabrics, 232
— Preparing and spinning the fibres
— into, 22

Special effects produced by, 203
— WooUen, 22
— Worsted, 25
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